Q SOEING 


737-300/-400/-500 
Operations Manual 
The Boeing Company 


Copyright © 1995 
The Boeing Company 
All Rights Reserved 


Document Number D6-27370-400E-TBCE 


February 13, 1998 


Revision Number: 10 
Revision Date: December 06, 2002 


Copyright Information 


Boeing claims copyright in each page of this document only to the extent that the 
page contains copyrightable subject matter. Boeing also claims copyright in this 
document as a compilation and/or collective work. 


The right to reproduce, distribute, display, and make derivative works from this 
document, or any portion thereof, requires a license from Boeing. For more 
information, contact The Boeing Company, P.O. Box 3707, Seattle, Washington 
98124. 


Boeing 707, 717, 727, 737, 747, 757, 767, 777, DC-8, DC-9, DC-10, MD-10, 
MD-11, MD-80, MD-90, BBJ, Boeing Business Jet, the Boeing logo symbol, and 
the red-white-and-blue Boeing livery are all trademarks owned by The Boeing 
Company; and no trademark license (either expressed or implied) is granted in 
connection with this document or otherwise. 


QL SOEING 


737 Operations Manual 
Preface Chapter 0 
Table of Contents Section 0 

Volume 1 Chapter 
Table-of Contents er... csccivssceeves coke etek needa ves avts sha cdi ous tees cab baa cebeedeeted 0.0.1 
Model Identification... eeecceececeseeceseceeeneeceaeeceeeeeeeceeeceeaeeeaees 0.1.1 
TtrOduct OM fo cissscesiesetetecontes wag cas dave ca deste de teseatenenttei eee pabaeeeticbenedyeieaes 0.2.1 
ADB VIAONS 3iiecesetcsciechus cb deet ches counheestueade coteunstnanaedadeedstercudeseusceuletees 0.3.1 
ReVISIOMRECOLG:%.: eesti aieses de sesh died ean eee eR 0.4.1 
List of Effective Pages ..........ccccccssccssesscsssssserssnsescssccessnceceesecneesonners 0.5.1 
Bulletin, RECO scsi sesesecesge ec taan be ened dasedad cotwaanteuntguaseceadeeietesesteeahendes 0.6.1 
TAMIA ONS: 354 e554, Cotas iksccavelas da Meees dcetecs Sousee ontti ces Seasick chine daude Cinaabestees L 
Normal Procedures: sci. .ccecccess cates cadadtstusseenegace eteenaceneued ceudebecadevbadedetbagse NP 
Supplementary Procedures..........cceescceeseesseeceseeceseeeeeeeeeeeceaneeeteeeeeaees SP 

Volume 2 
Airplane General, Emergency Equipment, Doors, Windows ................. 1 
AI SYSUEMS saisveuscs Socks cotecus Oates covehte rads shad de euedatewtes caecaad vet shave saleeanteaesaeaas 2 
AmtigIGesRaitiics sciis, ash nichieveceeiets odileeg e0bahe tleebg eal Paetelebadeliteede tettele eacaes 3 
Automatic FLICKS. vic cces,cecesedcedenetaeeteacerateacan ea bee deateas daeSec doetagedepeatecena® 4 
COMMUNICATIONS vei s2.5 9268 eacisses ea deanach deans cdsaaes dekees Soeseaelgewiahadenreiesse ea Geeees 5 
Electrical j::.seisescsehleedatenl te ats eee ee Re SR as 6 
Frigines APU accede reciess ic ceeeede ca saveideeeveic bua caba Mevencchecebesscck etdeewbudgenrteitevess 7 
Fire: Protection ssc sseescheeessceestes ob bswwatecs sdedass Meuneeees obevebeazs gee daceveacesseseeaesse 8 
Blight: GOntrol sss cess cccciceoncateace ests essen isha a ae isbn ARE Ra ROS 9 
Flight Instruments, Displays ...........cccceesceeescceeseeeeeseceeeeeeeeeeeeeeeseeeesaes 10 
Flight Management, Navigation ............cccccessessceceeseceeeeeeneeeeseeeeeeeesaee 11 
BUC rsstavhaiies essercaehsedsvadoens Sn ihe Sas aie ee MLE ae et 12 
Fy Ar aulicsinsic.isecesdsccciescnccevyetésauev'es devesonc tus yatestewobssdans tasseevasnconstidvuartevteee 13 
Trandate: Gear sis .ccesceveseatezs cosseda aes beiel ecannhi Mevastetoten talons iolesea aes teeees 14 
Warning SySteMs........ccceccccesscceseeceseeceesecesceeeeaeeesaeeceeeeeaeeceaeeceeaeeeeeeesaes 15 
TREK esse Se cacvenget unteiietess cd eesensteics ea bedbsne olt gveadaseacesesantousees oteeieenteans Index 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE 0.0.1 


Pretates Q. SOEING 


Table of Contents 
737 Operations Manual 

Quick Reference Handbook (QRH) 
Normal ChéCKHSts ie. ois conc check Sten. Boos Base hse nwt asada eens NC 
Checklist Introduction ...........ccccccccsssccesessceeeesneeeeseseeeessseeeeseseeeesenseeenes CI 
Performance — Inflight... eee eeceeseecseceeeeseeceeeeseeessecseecsaeeseeesaeenaes PI 
Non—Normal Checklists ..........ccccccccccsscccsessecesesceeeesneeeesseeeessseeeeneas NNC 
Non—Normal Maneuve?S ............c:ccccssscecceesseceseseeecesseeeeseeeeeeseneeeeees NNM 


Index 


Copyright © The Boeing Company. See title page for details. 


0.0.2 D6-27370-400E-TBCE December 1, 2000 


QL SOEING 


737 Operations Manual 


Preface Chapter 0 


Model Identification Section 1 


General 


The airplanes listed in the table below are covered in the operations manual. The 
table information is used to distinguish data peculiar to one or more, but not all of 
the airplanes. Where data applies to all airplanes listed, no reference is made to 
individual airplanes. 


Airplane number is supplied by the operator. Registry number is supplied by the 
national regulatory agency. Serial and tabulation number are supplied by Boeing. 


Airplane Registry Serial Tab Model 
Number Number Number Number Miscellaneous Data 
001 BE300 
002 BE400 
003 BES500 


Copyright © The Boeing Company. See title page for details. 


December 06, 2002 D6-27370-400E-TBCE 0.1.1 


Preface - 
Model Identification QSOEING 
737 Operations Manual 
Intentionally 
Blank 


Copyright © The Boeing Company. See title page for details. 


0.1.2 D6-27370-400E-TBCE December 1, 2000 


QL SOEING 


737 Operations Manual 


Preface Chapter 0 


Introduction Section 2 


General 


This Operations Manual has been prepared by the Boeing Commercial Airplane 
Group, Commercial Aviation Services organization. The purpose of this manual 
is to: 
¢ provide the necessary operating limitations, procedures, performance, and 
systems information the flight crew needs to safely and efficiently operate 
the 737 airplane during all anticipated airline operations 
* serve as a comprehensive reference for use during transition training for 
the 737 airplane 
* serve as a review guide for use in recurrent training and proficiency 
checks 
* provide necessary operational data from the FAA approved airplane flight 
manual (AFM) to ensure that legal requirements are satisfied 
¢ establish standardized procedures and practices to enhance Boeing 
operational philosophy and policy. 
This manual is prepared for the owner/operator named on the title page 
specifically for the airplanes listed in the "Model Identification" section. It 
contains operational procedures and information, which apply only to these 
airplanes. The manual covers the Boeing delivered configuration of these 
airplanes. Changes to the delivered configuration are incorporated when covered 
by contractual revision agreements between the owner/operator and The Boeing 
Company 


This manual is not suitable for use for any airplanes not listed in the "Model 
Identification" section. Further, it may not be suitable for airplanes that have been 
transferred to other owners/operators. 


Owners/operators are solely responsible for ensuring the operational 
documentation they are using is complete and matches the current configuration 
of the listed airplanes. This includes the accuracy and validity of all information 
furnished by the owner/operator or any other party. Owners/operators receiving 
active revision service are responsible to ensure that any modifications to the 
listed airplanes are properly reflected in the operational procedures and 
information contained in this manual. 


This manual is structured in a two-volume format with a quick reference 
handbook (QRH). Volume 1 includes operational limitations, normal and 
supplementary procedures. Volume 2 contains systems information. The QRH 
contains all checklists necessary for normal and non-normal procedures as well 
as in-flight performance data. 
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The manual is periodically revised to incorporate pertinent procedural and 
systems information. Items of a more critical nature will be incorporated in 
operational bulletins and distributed in a timely manner. In all cases, such 
revisions and changes must remain compatible with the approved AFM with 
which the operator must comply. In the event of conflict with the AFM, the AFM 
shall supersede. 


This manual is written under the assumption that the user has had previous 
multi-engine jet aircraft experience and is familiar with basic jet airplane systems 
and basic pilot techniques common to airplanes of this type. Therefore, the 
operations manual does not contain basic flight information that is considered 
prerequisite training. 


Any questions about the content or use of this manual can be directed to: 


Commercial Aviation Services 

Boeing Commercial Airplane Group 
P. O. Box 3707, M/S 20-89 

Seattle, Washington 98124-2207 USA 


Attention: Senior Manager, Flight Technical Publications 


Organization 
The operations manual is organized in the following manner. 


Volume 1 


¢ Preface — contains general information regarding the manual’s purpose, 
structure, and content. It also contains lists of abbreviations, a record of 
revisions, bulletins, and a list of effective pages. 

¢ Limitations and Normal Procedures chapters cover operational limitations 
and normal procedures. All operating procedures are based on a thorough 
analysis of crew activity required to operate the airplane, and reflect the 
latest knowledge and experience available. 

¢ Supplementary Procedures chapter covers those procedures accomplished 
as required rather than routinely on each flight. 


Volume 2 — Chapters | through 15 contain general airplane and systems 
information. These chapters are generally subdivided into sections covering 
controls and indicators and systems descriptions. 


Quick Reference Handbook (QRH) — The QRH covers normal checklists, 
in-flight performance, non-normal checklists, and non—normal maneuvers. 
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Page Numbering 


The operations manual uses a decimal page numbering system. The page number 
is divided into three fields; chapter, section, and page. An example of a page 
number for the hydraulics chapter follows: chapter 13, section 20, page 3. 


Example Page Number 


Chapter (Hydraulics) a. a Page Number 
ry 
13.20.3 


Section (Systems Description) 


Page Identification 


Each page is identified by a customer document number and a page date. The 
customer document number is composed of the general 737 operations manual 
number, D6—27370-, and is followed by the customer identification. The page 
date is the date of publication of the manual or the most recent revision date. 


Example Page Identification 


737 Operations Manual Number za < 


meen 
D6—27370-300 


Customer Identification 


Warnings, Cautions, and Notes 


The following levels of written advisories are used throughout the manual. 


WARNING: An operating procedure, technique, etc., that may result in 
personal injury or loss of life if not carefully followed. 


CAUTION: An operating procedure, technique, etc., that may result in 
damage to equipment if not carefully followed. 


Note: An operating procedure, technique, etc., considered essential to 
emphasize. Information contained in notes may also be safety related. 
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Operations Manual Configuration 


Customer airplane configuration determines the data provided in this manual. The 
Boeing Company keeps a list of each airplane configuration as it is built and 
modified through the service bulletin process. The operations manual does not 
reflect customer originated modifications without special contract provisions. 
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Schematic Symbols 


Symbols shown are those which may not be identified on schematic illustrations. 
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Chapter 0 


Abbreviations Section 3 


General 


The following abbreviations may be found throughout the manual. Some 
abbreviations may also appear in lowercase letters. Abbreviations having very 


limited use are explained in the chapter where they are used. 


A 

AC Alternating Current 

ACARS Aircraft Communications 
Addressing and 
Reporting System 

ACT Active 

ADF Automatic Direction 
Finder 

ADM Air Data Module 

AFDS Autopilot Flight Director 
System 

AFM Airplane Flight Manual 
(FAA approved) 

AGL Above Ground Level 

Al Anti-Ice 

AIL Aileron 

ALT Altitude 

ALTN Alternate 

ANP Actual Navigation 
Performance 

AOA Angle of Attack 

A/P Autopilot 

APU Auxiliary Power Unit 

ARINC Aeronautical Radio, 
Incorporated 

ARPT Airport 


ATA Actual Time of Arrival 
ATC Air Traffic Control 
ATT Attitude 
AUTO Automatic 
AVAIL Available 
B 

BARO Barometric 
BRT Bright 
BTL DISCH | Bottle Discharge (fire 

extinguishers) 
B/C Back Course 

C 

C Captain 

Celsius 

Center 
CANC/ Cancel/Recall 
RCL 
CB Circuit Breaker 
CDU Control Display Unit 
CG Center of Gravity 
CHKL Checklist 
CLB Climb 
COMM Communication 
CON Continuous 
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CONFIG Configuration F/D or Flight Director 
CRZ Cruise sess 
CTL Goatrel FMC Flight Management 
Computer 
u FMS Flight Management 
DC Direct Current System 
DDG Dispatch Deviations F/O First Officer 
Gute FPA Flight Path Angle 
DEP ARR Departure Arrival FPV Flight Path Vector 
DES Descent G 
DISC Disconnect GA Go-Around 
DME Distance Measuring GEN Gendiator 
Equipment 
P lobal Positioni 
DSPL Display GPS Global Positioning 
System 
es GPWS Ground Proximity 
E/D End of Descent Warning System 
EEC Electronic Engine G/S Glide Slope 
Control H 
EFIS Electronic Flight HDG Heading 
Instrument System 
EGPWS Pahanced Ground HDG REF | Heading Reference 
Proximity Warning HDG SEL Heading Select 
t 
pystent HPA Hectopascals 
E Exhaust T t 
GT xhaust Gas Temperature HUD Head Up Display 
ELEC Electrical 
ELEV Elevator 
ENG Engine 
EXEC Execute 
EXT Extend 
E/E Electrical and Electronic 
F 
F Fahrenheit 
FCTL Flight Control 
Copyright © The Boeing Company. See title page for details. 
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I MOD Modify 
IAS Indicated Airspeed MTRS Meters 
IDENT Identification N 
IN Inches NAV RAD _| Navigation Radio 
IND LTS Indicator Lights ND Navigation Display 
ILS Instrument Landing NM Nautical Miles 
eee NORM Normal 
ava Inbowd N1 Low Pressure Rotor 
INOP Inoperative Speed 
INTC CRS _| Intercept Course N2 High Pressure Rotor 
ISLN Isolation PRESS 
K O 
K ae OHU Overhead Unit 
KGS minus OVHD Overhead. 
L OVRD Override 
L Left é 
LBS Panis PASS Passenger 
LDG ALT _ | Landing Altitude pene eter 
ey Fiat PF Pilot Flying 
LNAV Lateral Navigation PFC Priary Flisht 
M Computers 
MAG Magnetic PNF Pilot Not Flying 
MAN Manual PNL Panel 
MCP Mode Control Panel POS Position 
MDA Minimum Descent POS INIT Position Initialization 
pe PRI Primary 
MEE a Pquipment PWS Predictive Windshear 
System 
MIN Minimum R 
ee | oe 
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RA Radio Altitude THR HOLD | Throttle Hold 
Resolution Advisory TO Takeoff 
RECIRC Recirculation TO/GA Takeoff/Go—Around 
REF Reference U 
RET Retract UPR DSPL_ | Upper Display 
RF Refill UTC Universal Time 
RNP Required Navigation Coordinated 
Performance vV 
RVSM Reduced Vertical VMO Maximum Operating 
Separation Minimum Speed 
S VNAV Vertical Navigation 
SIC Step Climb VOR VHF Omnidirectional 
SEL Select Range 
SPD Speed VR Rotation Speed 
STA Siahon VREF Reference Speed 
STAB Stabilizer VTK Vertical Track 
STAT Status v/S Vertical Speed 
STD Siandard Vi Takeoff Decision Speed 
T V2 Scheduled Takeoff Target 
Speed 
T or True 
TRU yy 
Tor Track WPT Waypoint 
TK or WXR Weather Radar 
TRK 
».« 
TA Traffic Advisory 
XTK Cross Track 
TAT Total Air Temperature 
TCAS Traffic Alert and 
Collision Avoidance 
System 
TDZE Touch Down Zone 
Elevation 
T/D Top of Descent 
TFC Traffic 
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Revision Transmittal Letter 


To: All holders of The Boeing Company 737 Operations Manual, Boeing 
Document Number D6-27370-400E-TBCE. 


Subject: Operations Manual Revision. 


This revision reflects the most current information available to The Boeing 
Company 45 days before the subject revision date. The following revision 
highlights explain changes in this revision. General information below explains 
the use of revision bars to identify new or revised information. 


Revision Record 


No. Revision Date Date No. Revision Date Date 
Filed Filed 


February 13, 1998 1 June 12, 1998 


December 04, 1998 June 11, 1999 


June 09, 2000 


December 01, 2000 June 08, 2001 


O1n} ny] w 


0 
2 
4 December 03, 1999 
6 
8 


December 07, 2001 June 07, 2002 


10 December 06, 2002 


General 


The Boeing Company issues operations manual revisions to provide new or 
revised procedures and information. Formal revisions also incorporate appropriate 
information from previously issued operations manual bulletins. 


The revision date is the approximate date the manual is approved for printing. The 
revision is mailed a few weeks after this date. 


Formal revisions include a Transmittal Letter, a new Revision Record, Revision 
Highlights, and a current List of Effective Pages. Use the information on the new 
Revision Record and List of Effective Pages to verify the operations manual 
content. 


Pages containing revised technical material have revision bars associated with the 
changed text or illustration. Editorial revisions (for example, spelling corrections) 
may have revision bars with no associated highlight. 
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The Revision Record should be completed by the person incorporating the 
revision into the manual. 


Filing Instructions 


Consult the List of Effective Pages (0.5). Pages identified with an asterisk (*) are 
either replacement pages or new (original) issue pages. Remove corresponding 
old pages and replace or add new pages. Remove pages that are marked 
DELETED; there are no replacement pages for deleted pages. 


Be careful when inserting changes not to throw away pages from the manual that 
are not replaced. Using the List of Effective Pages (0.5) can help determine the 
correct content of the manual. 


Revision Highlights 
This section (0.4) replaces the existing section 0.4 in your manual. 


Throughout the manual, airplane effectivity may be updated to reflect coverage as 
listed on the Preface - Model Identification page, or to show service bulletin 
airplane effectivity. Highlights are not supplied. 


This manual is published from a database; the text and illustrations are marked 
with configuration information. Occasionally, because the editors rearrange the 
database markers, or mark items with configuration information due to the 
addition of new database content, some customers may receive revision bars on 
content that appears to be unchanged. Pages may also be republished without 
revision bars due to slight changes in the flow of the document. 


Chapter 0 - Preface 
Section 2 - Introduction 


0.2.1 - Removed reference to Performance Dispatch information. 


Chapter L - Limitations 
Section 10 - Operating Limitations 
Operational Limitations 


L.10.1 - Added limit to ensure an operational check of the flight deck door 
access system has been accomplished once each flight day. 


Aircraft Communications Addressing and Reporting System 


L.10.5 - Added clarification to ACARS limit which allows use for certain 
messages with approved operational procedures. 
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Flight Management, Navigation 


L.10.7 - Added applicable FMC update clarification to raw data limit for 
VOR approaches. 


Fuel Balance 


L.10.8 - Revised limit for required main and center tanks quantities to clarify 
that it applies to ground only. 


Chapter NP - Normal Procedures 
Section 20 - Amplified Procedures 
Flight Deck Safety Inspection — Captain or First Officer 
NP.20.1 - Step added to accomodate new Flight Deck Security Door. 
Section 30 - Flight Patterns 
Visual Traffic Pattern 
NP.30.6 - Added TO/GA step for Boeing model standardization. 


Chapter SP - Supplementary Procedures 
Section 4 - Automatic Flight 
Instrument Approach using Vertical Speed (V/S) 


SP.4.6 - Added Notes regarding the use of VOR/LOC AFDS mode that were 
inadvertantly deleted in the previous revision. 


Section 9 - Flight Controls 
Flight Controls Check 


SP.9.1 - The current Flight Controls Check supplementary procedure does not 
provide an adequate check of the rudder trim system for airplanes with the 
mechanical cam and spring rudder feel and centering unit. The test should be 
conducted with hydraulic power on 

Section 16 - Adverse Weather 

Climb and Cruise 


SP.16.8 - Added a CAUTION stating that above approximately Flight Level 
350 wing anti-ice should not be used. 
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Chapter 1 - Airplane General, Emergency Equipment, Doors, Windows 
Section 20 - Instrument Panels 
Aft Flight Deck Overview 


1.20.3 - Added illustration to match incorporation of Cockpit security doors 
to some ariplanes 


Added a graphic which depicts the Aft Flight Deck with the Enhanced 
Security Door installed. 


Section 30 - Controls and Indicators 
Cabin Door 


1.30.8 - Modified to show "as installed" for those with new Security Doors 
installed. 


Flight Deck Security Door (As Installed) 


1.30.9 - Incorporated new cockpit doors shown "as installed" to reflect 
incorporation of new door. 


Section 40 - Systems Description 
Fire Extinguishers 


1.40.12 - Modified paragraph to read "fire extinguishers" instead of "halon 
and water fire extinguishers". 


Cabin Door 


1.40.21 - Modified illustration to cover incorporation of enhanced cockpit 
security doors on some airplanes. 


Chapter 2 - Air Systems 
Section 40 - Pressurization System Description 
Auto Mode Operation 


2.40.5 - Revised cabin pressure change rate for auto-fail light. 


Chapter 3 - Anti-Ice, Rain 
Section 10 - Controls and Indicators 
Engine Anti—Ice Panel 
3.10.5 - Simplified description of engine anti-ice switch. 
Wing Anti—Ice Panel 


3.10.6 - Simplified description of wing anti-ice switch. 
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Chapter 4 - Automatic Flight 
Section 10 - Controls and Indicators 


Vertical Navigation 
4.10.5 - Re-formatted VNAV PTH descent bulleted list. 


Chapter 6 - Electrical 
Section 20 - System Description 
Battery Power 


6.20.9 - Revised battery voltage value to reflect design specification, 24 
VDC. 


DC Power System Schematic 


6.20.11 - Revised graphic to reflect the airplane configuration as shown. 


Chapter 11 - Flight Management, Navigation 
Section 31 - Flight Management System Operation 
Navigation Performance (U7) 
11.31.7 - Revised wording to clarify FMC alerting message for ANP. 
Section 32 - Flight Management Computer 
Fuel Monitoring 
11.32.3 - Corrected wording of invalid fuel quantity for fuel monitoring. 
Section 42 - FMC Cruise 
Reference Navigation Data (REF NAV DATA) Page 
11.42.38 - Added information for Ref Nav Data. 
Fix Information Page 


11.42.49 - Revised sentence structure for Fix Info. 


Chapter 12 - Fuel 
Section 20 - System Description 
Fuel Pumps 
12.20.1 - Moved paragraph to Fuel Crossfeed section for clarity. 
Fuel Crossfeed 


12.20.2 - Added paragraph to explain fuel imbalance will result if continued 
crossfeed is used. 
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Fuel Schematic 


12.20.4 - Added check valves to center and No. 1 fuel tank refuel lines to 
reflect airplane configuration. 


12.20.4 - Changed fuel panel font to reflect airplane configuration. 


Chapter 15 - Warning Systems 
Section 20 - System Description 
Inhibits (Without TCAS change 7.0 update) 
15.20.12-13 - Revised system description for TCAS inhibits. 
Inhibits (With TCAS change 7.0 update) 
15.20.13 - Revised system description for TCAS inhibits. 


Chapter PI - Performance Inflight - 
Section 10 - General 
Stab Trim Setting 
PI.10.2 - Corrected note to reflect AFM. 
Section 12 - Advisory Information 
Brake Cooling Schedule 
PI.12.6 - Corrected typo "fof" to "of", in heading. 
Section 16 - Text 
General 
PI.16.2 - Added text to address V1 greater than VR. 
Section 20 - General 
Stab Trim Setting 
PI.20.3 - Corrected notes to reflect AFM. 
Stab Trim Setting (22K Derate) 
PI.20.14 - Corrected notes to reflect AFM. 
Section 21 - All Engines 
Long Range Cruise Control 
PI.21.3 - Corrected optimum altitude shading. 
Section 24 - PMC Off 
Takeoff %N1 (22K Derate) 
PI.24.2 - Formatting change - removed repeat of 22K Derate title. 
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Takeoff %N1 (20K Derate) 

PI.24.3 - Formatting change - removed repeat of 20K Derate title. 
Section 26 - Text 
General 

PI.26.2 - Added text to address V1 greater than VR. 
Section 36 - Text 
General 


PI.36.2 - Added text to address V1 greater than VR. 


Chapter NNC - Non-Normal Checklists 

Section 0 - Unannunciated 

AUTO FAIL/UNSCHEDULED PRESSURIZATION CHANGE 
NNC.O.5 - Changed Pack switch position from ON to AUTO. 


NNC.O.5 - Added information about setting the cabin altitude and landing 
field elevation that was inadvertantly removed. 


PASSENGER EVACUATION 
NNC.O.20 - Added the word "engine" for nomenclature standardization. 
SMOKE/FUMES REMOVAL 


NNC.0.22 - Changed checklist from a recall to a reference only checklist to 
be consistent with other Boeing models that have the same checklist. 


WINDOW DAMAGE 


NNC.0.28 - Removed table for window #3 because when damage occurs on 
a heated #3 window, the same operational limitations apply to the #3 window 
as to any other heated window. 


Section 1 - Airplane General, Emergency Equipment, Doors, Windows 
AUTOMATIC UNLOCK 
NNC.1.1 - The FAA requires the installation of a new enhanced flight deck 


door and associated procedures on all Boeing production and in-service 
airplanes. 


LOCK FAIL 


NNC.1.3 - The FAA requires the installation of a new enhanced flight deck 
door and associated procedures on all Boeing production and in-service 
airplanes. 
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WINDOW DAMAGE 


NNC.1.5 - Removed table for window #3 because when damage occurs on a 
heated #3 window, the same operational limitations apply to the #3 window 
as to any other heated window. 


Section 2 - Air Systems 
AUTO FAIL/UNSCHEDULED PRESSURIZATION CHANGE 
NNC.2.2 - Changed Pack switch position from ON to AUTO. 


NNC.2.2 - Added information about setting the cabin altitude and landing 
field elevation that was inadvertantly removed. 


BLEED TRIP OFF 


NNC.2.3 - Inappropriate use of wing TAI may cause dual bleed trip off 
incidents. As a result, added a step to turn the wing anti-ice off. 


Section 6 - Electrical 
LOSS OF BOTH ENGINE DRIVEN GENERATORS 


NNC.6.4 - As the airplane climbs, dissolved air is released from the fuel in 
the tank due to the decreased air pressure. This air may collect in the suction 
feed line and restrict fuel flow resulting in thrust deterioriation or engine 
flameout at high altitudes. 


Section 7 - Engines, APU 
ENGINE FIRE, SEVERE DAMAGE OR SEPARATION 


NNC.7.6 - Revised amplified information to be consistant with other 
procedures. 


Section 8 - Fire Protection 
ENGINE FIRE, SEVERE DAMAGE OR SEPARATION 


NNC.8.6 - Revised amplified information to be consistant with other 
procedures. 


ENGINE OVERHEAT 


NNC.8.8 - Revised procedure to direct the crew to disengage the 
autothrottles, then close the thrust lever. 


SMOKE/FUMES REMOVAL 


NNC.8.10 - Changed checklist from a recall to a reference only checklist to 
be consistent with other Boeing models that have the same checklist. 
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Section 9 - Flight Controls 
ALTERNATE FLAPS OPERATION 


NNC.9.4 - Added a Descent and Approach checklist for consistency with 
other 737 NNC’s. 


NNC.9.5 - Changed to clarify system operation. 
YAW DAMPER 


NNC.9.23 - The FCTM includes the note "With yaw damper inoperative, do 
not exceed flaps 30 if crosswinds exceed 30 knots." This limitation is now 
included in the YAW DAMPER Non-Normal checklist. 


Section 13 - Hydraulics 
LOSS OF SYSTEM B 

NNC.13.4 - Changed to clarify system operation. 
MANUAL REVERSION 

NNC.13.6 - Changed to clarify system operation. 


Chapter NNM - Non-Normal Maneuvers 
Section 2 - Flight Patterns 
Visual Traffic Pattern 
NNM.2.6 - Added TO/GA step for Boeing model standardization. 
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1 Airplane General, Emergency 2.40.2 December 07, 2001 
Equipment, Doors, Windows (tab) 2.40.3-4 December 1, 2000 
* 1.TOC.0.1-4 December 06, 2002 2.40.5 December 06, 2002 
1.10.1-4 December 1, 2000 2.40.6 June 07, 2002 
1.20.1-2 December 1, 2000 2.40.7-8 December 1, 2000 
* 1.20.3-14 December 06, 2002 3 Anti-Ice, Rain (tab) 

1.30.1-5 December 1, 2000 3.TOC.0.1-2 December 07, 2001 
1.30.6 December 07, 2001 3.10.1-2 December 1, 2000 
1.30.7 December 1, 2000 3.10.3 December 07, 2001 
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* 1.40.12-13 December 06, 2002 3,20.3-4 December 1, 2000 
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2 Air Systems (tab) 4.TOC.0.1-2 June 07, 2002 
2.TOC.O.1-4 December 07, 2001 4.10.1 December 1, 2000 
2.10.1-6 December 07, 2001 4.10.2 December 07, 2001 
2.10.7 December 1, 2000 4.10.3 June 07, 2002 
2.10.8-13 June 08, 2001 4.10.4 December 1, 2000 
2.10.14-15 June 07, 2002 4.10.5 December 06, 2002 
2.10.16 December 07, 2001 4.10.6 June 07, 2002 
2.20.1-3 December 1, 2000 4.10.7-18 December 1, 2000 
2.20.4 December 07, 2001 4.20.1-8 December 1, 2000 
2.30.1-8 December 1, 2000 4.20.9-10 June 07, 2002 
2.31.1-5 December 1, 2000 4.20.11 December 06, 2002 
2.31.6 June 08, 2001 4.20.12-17 December 1, 2000 
2.31.7-8 December 1, 2000 4.20.18-19 June 07, 2002 
2.40.1 December 1, 2000 4.20.20 December 1, 2000 
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4 Automatic Flight (cont) 


4.20.21 
4.20.22-23 
4.20.24 


5 Communications (tab) 


5.TOC.0.1-2 
5.10.1-14 
5.20.1 
5.20.2-3 
5.20.4-8 


June 08, 2001 8.TOC.0.1-2 
December 1, 2000 8.10.1-2 
December 07, 2001 8.10.3-7 
8.10.8 
December 1, 2000 8.10.9-10 
December 1, 2000 8.20.1-2 
December 07, 2001 8.20.3-6 
June 07, 2002 8.20.7-8 


8 Fire Protection (tab) 


June 07, 2002 
December 07, 2001 
December 1, 2000 
June 08, 2001 
December 1, 2000 
December 07, 2001 
December 1, 2000 
June 07, 2002 


December 1, 2000 


* 


* 


6 Electrical (tab) 


6.TOC.0.1-2 
6.10.1-4 
6.10.5 
6.10.6-8 
6.20.1-3 
6.20.4-8 
6.20.9 
6.20.10 
6.20.11 
6.20.12-22 


7 Engines, APU (tab) 


7.TOC.0.1-2 
7.10.1-18 
7.20.1-10 
7.30.1-4 


9.TOC.O.1-2 
June 07, 2002 9.10.1-12 
December 1, 2000 9.20.1-18 


9 Flight Controls (tab) 


December 1, 2000 
December 1, 2000 
December 1, 2000 


June 07, 2002 


December 1, 2000 10.TOC.0.1-4 
December 1, 2000 10.10.1-16 
June 07, 2002 10.20.1-2 
December 06, 2002 10.20.3 
June 07, 2002 10.20.4-8 
December 06, 2002 10.30.1-22 
June 07, 2002 10.30.23 
10.30.24-26 
December 1, 2000 10.30.27 
December 1, 2000 10.30.28-31 
December 1, 2000 10.30.32 
December 1, 2000 10.30.33 
10.30.34 
10.30.35-36 
10.30.37-42 
10.30.43 
10.30.44 


10 Flight Instruments, Displays (tab) 


December 07, 2001 
December 1, 2000 
December 1, 2000 

June 08, 2001 
December 1, 2000 
December 1, 2000 

June 07, 2002 
December 1, 2000 

June 07, 2002 
December 1, 2000 

December 07, 2001 
December 1, 2000 

December 07, 2001 
December 1, 2000 

December 07, 2001 
December 1, 2000 

December 07, 2001 
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11.41.4-5 December 07, 2001 
11.20.5 December 1, 2000 
11.41.6-7 June 08, 2001 
11.20.6 June 08, 2001 
11.41.8 June 07, 2002 
11.20.7-8 December 1, 2000 
11.41.9-25 June 08, 2001 
11.30.1 December 1, 2000 
11.41.26 June 07, 2002 
11.30.2-3 June 08, 2001 
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11.42.16 June 08, 2001 
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11.31.19-21 June 07, 2002 
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PI.12.8 June 08, 2001 
* PI.21.3 December 06, 2002 
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PI.21.4 
PI.21.5 
PI.21.6 
PI.22.1-7 
PI.22.8 
PI.23.1-4 
PI.23.5 
PI.23.6 
PI.23.7 
PI.23.8-9 
PI.23.10 
PI.24.1-3 
PI.24.4 
PI.25.1-4 
PI.26.1 
* PI.26.2 
PI.26.3 
PI.26.4-12 
PI.30.1-4 
PI.30.5 
PI.30.6 
PI.30.7 
PI.30.8-9 
PI.30.10 
PI.30.11-14 
PI.30.15 
PI.30.16 
PI.30.17 
PI.30.18 
PI.30.19-22 


* 


Performance - Inflight (cont) 


June 08, 2001 
December 07, 2001 
June 08, 2001 
June 07, 2002 
June 08, 2001 
June 08, 2001 
June 07, 2002 
June 08, 2001 
June 07, 2002 
June 08, 2001 
June 07, 2002 
December 06, 2002 
December 07, 2001 
June 08, 2001 
December 07, 2001 
December 06, 2002 
December 07, 2001 
June 07, 2002 
June 08, 2001 
December 07, 2001 
June 07, 2002 
June 08, 2001 
December 07, 2001 
June 07, 2002 
December 07, 2001 
June 07, 2002 
December 07, 2001 
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December 07, 2001 
June 07, 2002 
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PI.31.2-4 
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PI.31.6 
PI.32.1-7 
PI.32.8 
PI.33.1-4 
PI.33.5 
PI.33.6 
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PI.35.1-4 
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December 07, 2001 
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June 07, 2002 
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December 07, 2001 
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December 06, 2002 
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Non-Normal Checklists (tab) 


0 Unannunciated Checklists (tab) 


NNC.O.1-4 

* NNC.O.5 
NNC.0.6-19 
* NNC.0.20 
NNC.0.21 

* NNC.0.22-23 
NNC.0.24-27 
* NNC.0.28 

* NNC.0.29-30 


NNC.TOC.0.1-2 


June 07, 2002 

June 07, 2002 
December 06, 2002 
June 07, 2002 
December 06, 2002 
June 07, 2002 
December 06, 2002 
June 07, 2002 
December 06, 2002 
Deleted 


* = Revised, Added, or Deleted 


0.5.8 


Copyright © The Boeing Company. See title page for details. 


D6-27370-400E-TBCE 


December 06, 2002 


* = Revised, Added, 


December 06, 2002 


Qi asofINe Preface - 
List of Effective Pages 
737 Operations Manual 
Page Date Page Date 
1 Airplane General, Emergency 6 Electrical (tab) 
Equipment, Doors, Windows (tab) NNC.TOC.6.1-2 June 07, 2002 
* NNC.TOC.1.1-2 December 06, 2002 NNC.6.1 June 08. 2001 
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2 Air Systems (tab) * NNC.6.4 December 06, 2002 
NNC.TOC.2.1-2 June 07, 2002 NNC.6.5 June 07, 2002 
NNC.2.1 June 08, 2001 NNC.6.6 June 08, 2001 
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5 Communications, Datalink (tab) NNC.8.4 December 07, 2001 
NNC.TOC.5.1-2 December 1, 2000 NNC.8.5 June 08, 2001 
NNC-.5.1 June 07, 2002 * NNC.8.6 December 06, 2002 
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* NNC.8.10-12 December 06, 2002 


9 Flight Controls (tab) 


* NNC.TOC.9.1-2 December 06, 2002 
NNC.9.1-2 
* NNC.9.3-24 
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10 Flight Instruments, Displays (tab) 

NNC.TOC.10.1-2 December 07, 2001 
NNC.10.1 December 07, 2001 
NNC.10.2 December 1, 2000 


11 Flight Management, Navigation (tab) 
* NNC.TOC.11.1-2 December 06, 2002 


* NNC.11.1-3 December 06, 2002 
NNC.11.4-6 June 07, 2002 
12 Fuel (tab) 
NNC.TOC.12.1-2 June 07, 2002 
NNC.12.1 December 1, 2000 
NNC.12.2-6 June 07, 2002 
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NNC.13.2-3 December 1, 2000 
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NNC.13.7-8 December 1, 2000 
14 Landing Gear (tab) 
NNC.TOC. 14.1-2 June 07, 2002 
NNC.14.1-6 June 08, 2001 
NNC. 14.7 December 07, 2001 
NNC.14.8-10 June 08, 2001 


NNC.TOC.15.1-2 
NNC.15.1-2 
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15 Warning Systems, Tailstrike (tab) 


June 08, 2001 
June 08, 2001 
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QL SOEING 


737 Operations Manual 


Preface Chapter 0 


Bulletin Record Section 6 


General 


The Boeing Company issues operations manual bulletins as required. Bulletins 
transmit temporary information which must be issued before the next formal 
revision to the operations manual or information of interest to all operators. 


Bulletins are numbered sequentially for each operator. Each new bulletin is 
recorded in this record when received and filed as instructed. A bulletin may not 
apply to all airplane models. Each bulletin specifically identifies the airplane 
effectivity. When appropriate, the next formal operations manual revision will 
include an updated bulletin record page. 


Temporary information is normally incorporated into the manual at the next 
formal revision. When the condition remains temporary after a bulletin 
incorporation, the temporary paragraphs are identified by a heading referencing 
the originating bulletin. When the temporary condition no longer exists, the 
bulletin is cancelled and the original manual content is restored. 


Bulletin status is defined as follows: 


¢ In Effect (IE) — the bulletin contains pertinent information not otherwise 
covered in the operations manual. The bulletin is recorded in this record 
and filed as instructed. The bulletin is active and should be retained in the 
manual. 

¢ Incorporated (INC) — the bulletin material is incorporated into the manual 
pages. The bulletin remains in effect. 

¢ Cancelled (CANC) - the bulletin is no longer in effect. File the bulletin as 
instructed and remove it from this section of the manual. The record page 
should be modified to indicate the CANC bulletin status. 


The record below should be accomplished by the person revising the material. 


Number Subject Ref. Date Status 
No. 
(CS3-) 

TBCE-1 | EFIS Display Blanking 06-16-95 IE 

TBCE-2 | Standby Horizon Indicator 06-16-95 IE 
Display 

TBCE-3 | Nonselected MCP Setting 06-16-95 IE 
Changes 

TBCE-4 | Auxiliary Power Unit (APU) 06-16-95 IE 
Starting 
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Preface - 
Bulletin Record QSOEING 
737 Operations Manual 
Number Subject Ref. Date Status 
No. 
(CS3-) 
TBCE-5 | BLEED TRIP OFF Light 06-16-95 IE 
Illuminating During A No 
Engine Bleed Takeoff 
TBCE-6 | Runaway Stabilizer Procedure 09-20-95 IE 
RI 
TBCE-12 | Maneuvering Speeds for 12-03-99 IE 
737-100/200/300/400/500 
TBCE-13 | Upset Recovery 09-30-00 CANC 
R2 
TBCE-14 | UNCOMMANDED RUDDER 12-15-00 CANC 


Non-Normal Checklist 
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Operations Manual Bulletin 
for 
The Boeing Company 


The Boeing Company 
Seattle, Washington 98124-2207 S 


Number: TBCE-1 
Date: June 16, 1995 
Document Effectivity: D6-27370-400E-TBCE 
Subject: EFIS DISPLAY BLANKING 


Reason: This bulletin provides information contained in Red Bulletin 737-300 
87-6R1, dated April 15, 1992, which advised flight crews of possible 
EFIS display blanking as a result of momentary power interruption. 


Information in this bulletin is recommended by The Boeing Company, but may not be FAA approved 
at the time of writing. In the event of conflict with the FAA approved Airplane Flight Manual (AFM), 
the AFM shall supersede. The Boeing Company regards the information or procedures described 
herein as having a direct or indirect bearing on the safe operation of this model airplane. 


THE FOLLOWING PROCEDURE AND/OR INFORMATION IS EFFECTIVE UPON RECEIPT 


Background Information 


Several operators reported occurrences of EFIS Display Unit blanking. The 
problem was noted upon the application of electrical power following a power 
interruption (such as an electrical bus transfer). 


The EFIS Display Unit blanking is due to a software error in the EFIS Symbol 
Generator and it is triggered when loss of cooling is sensed during a a momentary 
power interruption (intentional or failure-associated). The likelihood of blanking 
is higher during ground operations, since power interruptions are more frequent, 
but the possibility of blanking in flight exists as a result of an engine loss, 
generator failure, or intentional bus transfer. If blanking occurs, the display will 
remain blank until corrective action is taken. 


Display Unit blanking occurs only infrequently and normal operation is always 
regainable by cycling the EFIS Instrument Transfer Switch on the forward 
overhead panel. Service Bulletin 737-34-1220 was issued to eliminate the 
problem. 
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Operations Manual Bulletin No. TBCE-1, Dated June 16, 1995 (continued) 


Until incorporation of Service Bulletin 737-34-1220 is completed, the following 
procedure is recommended. 


To restore normal operation if EFIS Display Unit blanking occurs following a 
momentary power interruption, cycle the EFIS Instrument Transfer Switch on the 
forward overhead panel (i. e., move the switch from NORMAL to BOTH ON | or 
BOTH ON 2, then return to NORMAL). 


Administrative Information 


Insert this bulletin behind the Operations Manual Bulletin Record page in 
Volume | of your Operations Manual. Amend the Operations Manual Bulletin 
Record to show bulletin TBCE-1 “In Effect” (IE). 


This Operations Manual Bulletin will be cancelled after Boeing is notified that all 
affected airplanes in the operator’s fleet have been modified by Boeing Service 
Bulletin 737-34-1220. If the operator does not plan to modify all the airplanes and 
would like to have the contents of this Bulletin incorporated in the Operations 
Manual, please advise Boeing accordingly. Please send all correspondence 
regarding Operations Manual Bulletin status to one of the following addresses: 


Mailing Address: Manager Flight Technical Publications 
737 Model 
Boeing Commercial Airplane Group 
P. O. Box 3707 MS 20-89 
Seattle WA 98124-2207 


U.S.A. 
Fax Number: (206) 662-7700 
Telex: 329430 Station 627 
SITA: SEABO7X Station 627 
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Operations Manual Bulletin 
for 
The Boeing Company 


The Boeing Company 
Seattle, Washington 98124-2207 S 


Number: TBCE-2 
Date: June 16, 1995 
Document Effectivity: D6-27370-400E-TBCE 
Subject: STANDBY HORIZON INDICATOR DISPLAY 


Reason: This bulletin provides information contained in Red Bulletin 737-300 
88-9R1, dated April 15, 1992, which advised flight crews of a Localizer 
Pointer display anomaly when a VOR is tuned. 


Information in this bulletin is recommended by The Boeing Company, but may not be FAA approved 
at the time of writing. In the event of conflict with the FAA approved Airplane Flight Manual (AFM), 
the AFM shall supersede. The Boeing Company regards the information or procedures described 
herein as having a direct or indirect bearing on the safe operation of this model airplane. 


THE FOLLOWING PROCEDURE AND/OR INFORMATION IS EFFECTIVE UPON RECEIPT 


Background Information 


The Standby Horizon Indicator can display misleading information when the #1 
VHE NAV radio is tuned to a VOR frequency and the Standby Horizon Indicator 
ILS selector is tuned to ILS or BCRS. Under these conditions the localizer pointer 
will show an inaccurate display and the Localizer Flag will NOT come into view. 
An inappropriate course correction may result. 


Corrective action requires an airplane wiring change and a modification to the 
Standby Horizon Indicator. Boeing Service Bulletin 737-34-1244 was issued to 
address these changes. 


Until modifications are complete, to prevent incorrect interpretation of the 
information displayed on the Standby Horizon Indicator, the ILS selector should 
normally be left in the OFF position. The selector should be moved from the OFF 
position only when an ILS, Localizer, or Localizer Backcourse approach is made. 
If an approach is made, the flight crew must verify that the VHF navigation radio 
is tuned to the correct frequency by aurally identifying the station prior to 
commencing the approach. 
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Administrative Information 


Insert this bulletin behind the Operations Manual Bulletin Record page in 
Volume | of your Operations Manual. Amend the Operations Manual Bulletin 
Record to show bulletin TBCE-2 “In Effect” (IE). 

This Operations Manual Bulletin will be cancelled after Boeing is notified that all 
affected airplanes in the operator’s fleet have been modified by Boeing Service 
Bulletin 737-34-1244. If the operator does not plan to modify all the airplanes and 
would like to have the contents of this Bulletin incorporated in the Operations 
Manual, please advise Boeing accordingly. Please send all correspondence 
regarding Operations Manual Bulletin status to one of the following addresses: 


Mailing Address: Manager Flight Technical Publications 
737 Model 
Boeing Commercial Airplane Group 
P. O. Box 3707 MS 20-89 
Seattle WA 98124-2207 


U.S.A. 
Fax Number: (206) 662-7700 
Telex: 329430 Station 627 
SITA: SEABO7X Station 627 
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Operations Manual Bulletin 
for 
The Boeing Company 


The Boeing Company 
Seattle, Washington 98124-2207 S 


Number: TBCE-3 
Date: June 16, 1995 
Document Effectivity: D6-27370-400E-TBCE 
Subject: NONSELECTED MCP SETTING CHANGES 


Reason: This bulletin provides information contained in Red Bulletin 737- 
300/400/500 90-2R1, dated April 15, 1992, which advised flight crews 
that nonselected changes in MCP settings can occur ion 737 airplanes 
equipped with SP-300 autopilots. 


Information in this bulletin is recommended by The Boeing Company, but may not be FAA approved 
at the time of writing. In the event of conflict with the FAA approved Airplane Flight Manual (AFM), 
the AFM shall supersede. The Boeing Company regards the information or procedures described 
herein as having a direct or indirect bearing on the safe operation of this model airplane. 


THE FOLLOWING PROCEDURE AND/OR INFORMATION IS EFFECTIVE UPON RECEIPT 


Background Information 


There are several reported instances of nonselected changes in the ALT, 
IAS/MACH and/or V/S display windows on the SP-300 autopilot Mode Control 
Panel (MCP). Changes in altitude of more than 1000 feet have been reported. 
Two causes for these undesired changes in the MCP were identified: inductively 
coupled transients (EMI) and electrical power interrupts. 

The FAA issued an AD, 88-NM-115-AD, requiring, as an interim action, the 
following information to be incorporated into the Limitations Section of the FAA 
approved Airplane Flight Manual (AFM). 

Boeing issued Service Bulletin 737-22A1098, dated January 17, 1991, to correct 
the conditions which caused nonselected changes in the MCP display windows. 


NPRM 91-NM-215-AD was then issued directing the removal of the AFM 
limitation upon completion of the service bulletin. 
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Autopilot Limitations 


For airplanes with SP-300 autopilot Mode Control Panel (MCP), flight crews 
must use the following procedures: 


1. Check MCP settings after any electrical power interruptions. 


2. Following change in ALT selection in the MCP window, check the ALT display 
to ensure desired altitude is displayed: 


3. Closely monitor altitude during all altitude changes to ensure that the autopilot 
captures and levels off at the desired altitude. 


NOTE: Standard “callouts,” crew coordination, and cross-checking of 
MCP settings and flight instruments are necessary to detect any 
nonselected MCP display changes. 


Recommended Operating Procedures 


Until Service Bulletin 737-22A 1098 is incorporated, flight crews should be made 
aware of the following recommended operating procedures: 


UNCOMMANDED MCP SETTING CHANGES 


The MCP selected and displayed settings may change without command and with 
no alert warning. 


Anytime electrical power is interrupted: 

MCP Settings... ee ceeeeeeeseeseeeneeee CHECK AND RESET AS NECESSARY 
Anytime the MCP selected altitude is changed: 

MCP Altitude. .:..:...ccsccscseseesestuecsseees CHECK AND RESET AS NECESSARY 
Closely monitor the altimeter during all altitude changes to ensure the autopilot 
acquires and levels off at the correct altitude. Use standard callouts and crew 


coordination, and cross-check MCP settings with flight instruments to detect any 
uncommanded MCP changes. 
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Administrative Information 


Insert this bulletin behind the Operations Manual Bulletin Record page in 
Volume | of your Operations Manual. Amend the Operations Manual Bulletin 
Record to show bulletin TBCE-3 “In Effect” (IE). 

This Operations Manual Bulletin will be cancelled after Boeing is notified that all 
affected airplanes in the operator’s fleet have been modified by Service Bulletin 
737-22A1098. If the operator does not plan to modify all the airplanes and would 
like to have the contents of this Bulletin incorporated in the Operations Manual, 
please advise Boeing accordingly. Please send all correspondence regarding 
Operations Manual Bulletin status to one of the following addresses: 


Mailing Address: Manager Flight Technical Publications 
737 Model 
Boeing Commercial Airplane Group 
P. O. Box 3707 MS 20-89 
Seattle WA 98124-2207 


U.S.A. 
Fax Number: (206) 662-7700 
Telex: 329430 Station 627 
SITA: SEABO7X Station 627 
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Operations Manual Bulletin 
for 
The Boeing Company 


The Boeing Company 
Seattle, Washington 98124-2207 S 


Number: TBCE-4 
Date: June 16, 1995 
Document Effectivity: D6-27370-400E-TBCE 
Subject: AUXILIARY POWER UNIT (APU) STARTING 


Reason: This bulletin provides information contained in Red Bulletin 737- 
300/400 90-3R2 and 737-500 90-4R2, dated September 30, 1991, which 
advised flight crews of the requirement for a qualified ground observer 
to monitor subsequent starts following unsuccessful Auxiliary Power 
Unit (APU) ground start. 


Information in this bulletin is recommended by The Boeing Company, but may not be FAA approved 
at the time of writing. In the event of conflict with the FAA approved Airplane Flight Manual (AFM), 
the AFM shall supersede. The Boeing Company regards the information or procedures described 
herein as having a direct or indirect bearing on the safe operation of this model airplane. 


THE FOLLOWING PROCEDURE AND/OR INFORMATION IS EFFECTIVE UPON RECEIPT 


Background Information 


On January 22, 1990 an operator of a Boeing Model 737 series airplane 
experienced significant fire damage to the empennage. The damaged area was 
reported to be the elevator, trim tab and tail cone. This damage was due to 
Auxiliary Power Unit (APU) torching following an unsuccessful first start 
attempt. A previous incident occurred on March 17, 1989. Empennage damage 
similar to that of the most recent incident was reported. 


A torching APU start occurs when leftover fuel from a previous unsuccessful start 
attempt does not drain from the APU properly and ignites during a subsequent 
start attempt. When a torching start occurs, the accumulated fuel in the APU 
tailpipe is consumed and the APU operation is otherwise normal. If unburned fuel 
mist is blown back onto the empennage surfaces during the initial unsuccessful 
start attempt, it is possible that a fire on the external surfaces of the empennage 
could occur if torching occurred during the next start attempt. 


Page 1 of 4 


Operations Manual Bulletin No. TBCE-4, Dated June 16, 1995 (continued) 


The only means to detect the torching start and/or flames on the empennage 
surfaces is by an external observer. By the time the observer communicates to the 
crew that a torching start has occurred, the excess fuel will most likely be 
consumed and the torching ceased. Unless the operator sees the evidence that a 
fire exists on the empennage surface, no other flight crew action is required except 
for a normal APU shutdown to allow the required inspections of the airplane 
surfaces. 


If the observer sees fire on the airplane surfaces, the flight crew should advise the 
tower and request fire equipment. In this instance, the APU can be shut down 
either by normal procedures since the APU fire extinguishing system would not 
be effective to combat either the APU torching or the external surface fire. 


Inflight starting of the APU is not impaired because the fuel vapors are carried 
away from the airplane. Torching of any leftover fuel in the APU exhaust area will 
not damage the airplane. 


The Federal Aviation Administration (FAA) issued an Airworthiness Directive 
(AD) effective March 12, 1990 requiring that after an unsuccessful ground start 
the APU be placarded to prohibit ground operation or that any subsequent APU 
ground start attempts be monitored by a “qualified ground observer.”’. 


The Boeing Company designed a modified system to improve draining of leftover 
fuel after an unsuccessful APU start. These modifications are described under 
Administrative Information below. 


.Operating Instructions 


For airplanes with unmodified APU drain systems, the following procedures 
apply: 


1. Following any unsuccessful APU start attempt, the subsequent APU ground 
start attempt(s) must be monitored by a qualified ground observer to assure that 
the airplane is not damaged due to torching. 


2. The placard may be removed and APU ground starting resumed without an 
observer following appropriate maintenance action to determine and resolve 
the cause of the unsuccessful ground start, or successful ground or inflight 
starting and operation is accomplished. 


NOTE: Inflight starting and operating of the APU is not impacted by 
this action. 
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Administrative Information 


Insert this bulletin behind the Operations Manual Bulletin Record page in 
Volume | of your Operations Manual. Amend the Operations Manual Bulletin 
Record to show bulletin TBCE-4 “In Effect” (IE). 


This Operations Manual Bulletin will be cancelled after Boeing is notified that all 
affected airplanes in the operator’s fleet have been modified by one of the 
following methods: 


1. Installation of a Garrett GTCP 85-129 APU with PRR 33890-86 incorporated 
(installs a modified drain system on airplanes at production line number 20161 
and on). 


2. Incorporation of Service Bulletin 737-49-1073 (installs the modified drain 
system on airplanes delivered prior to incorporation of PRR 33890-86). 

3. Installation of the Sundstrand APS 2000 alternative APU (includes the 
modified drain system). 

4. Installation of the Garrett GICP 36-280 alternative APU (includes the modified 
drain system). 


The FAA has approved the above four options as acceptable means of compliance 
to the above Airworthiness Directive. If the operator does not plan to modify all 
of the airplanes and would like to have the content of this Bulletin incorporated in 
the Operations Manual, please advise Boeing accordingly. Please send all 
correspondence regarding this Operations Manual Bulletin to one of the following 
addresses: 


Mailing Address: Manager Flight Technical Publications 
737 Model 
Boeing Commercial Airplane Group 
P. O. Box 3707 MS 20-89 
Seattle WA 98124-2207 


U.S.A. 
Fax Number: (206) 662-7700 
Telex: 329430 Station 627 
SITA: SEABO7X Station 627 
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Operations Manual Bulletin 
for 


The Boeing Company 


The Boeing Company 
Seattle, Washington 98124-2207 S 


Number: TBCE-5 
Date: June 16, 1995 
Document Effectivity: D6-27370-400E-TBCE 


Subject: BLEED TRIP OFF LIGHT ILLUMINATING DURING A NO 
ENGINE BLEED TAKEOFF 


Reason: This bulletin provides information contained in Red Bulletin 737- 
300/400/500 92-3R1, dated October 30, 1992, which informed flight 
crews that a BLEED TRIP OFF light may illuminate during a No 
Engine Bleed Takeoff. 


Information in this bulletin is recommended by The Boeing Company, but may not be FAA approved 
at the time of writing. In the event of conflict with the FAA approved Airplane Flight Manual (AFM), 
the AFM shall supersede. The Boeing Company regards the information or procedures described 
herein as having a direct or indirect bearing on the safe operation of this model airplane. 


THE FOLLOWING PROCEDURE AND/OR INFORMATION IS EFFECTIVE UPON RECEIPT 


Background Information 


Several operators reported that during a No Engine Bleed Takeoff the BLEED 
TRIP OFF light illuminated. The illumination occurs because a relief valve, 
specifically built into the pneumatic system to limit duct pressure upstream of the 
bleed valve during a No Engine Bleed Takeoff, does not have enough flow 
capacity to limit pressure in the duct below the overpressure switch activation 
point. Activation of the overpressure switch causes the BLEED TRIP OFF light 
to illuminate. The bleed system can be reset if duct pressure falls below the 
overpressure switch point. Duct pressure can be reduced by selecting the engine 
anti-ice ON. 


A minimum altitude of 1500 feet AGL or when obstacle clearance height has been 
attained is established to maintain consistency with the existing Operations 
Manual Supplementary Normal No Engine Bleed Takeoff and Landing procedure 
and to minimize crew work load during the initial takeoff phase of flight. 


The maximum TAT restriction set for anti-ice use to facilitate bleed trip reset was 
increased from 10°C (50°F) to 38°C (100°F). This increase is acceptable for this 
interim procedure due to the limited actuation time. 
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Service Bulletin 3214446-36-1575, released in January 1993, provided 
instructions for replacement of the current relief valve with a new higher capacity 
relief valve. 


Operating Instructions 
Until Service Bulletin 3214446-36-1575 is incorporated, the following operating 


instructions are recommended: 


If the BLEED TRIP OFF light illuminates during a No Engine Bleed Takeoff and 
normal reset is not possible: 


Accomplish the following at a minimum of 1500 feet (AGL) or when obstacle 
clearance height has been attained and TAT is 38°C (100°F) or below. 


ENGINE ANTI-ICE SWITCH (Affected 
SIGE). sdecios. Wessdussabeessgeecvseccsdevis ys ON 

TRIP:RESET SWITCH 600. .¢05 3053 0.3. 03 cceecsncesteciececisebsacenceghdetescetcsecbenest RESET 
CABIN PRESSURIZATION SYSTEM..........::ccsseesssseeeeeees RECONFIGURE 


Reset the cabin pressurization system to normal configuration. 
ENGINE ANTI-ICE SWITCH(ES)....000. eee eeeeeeeeeeereeees AS REQUIRED 


If the BLEED TRIP OFF light remains illuminated: 


Accomplish the BLEED TRIP OFF Checklist. 


Administrative Information 


Insert this bulletin behind the Operations Manual Bulletin Record page in 
Volume | of your Operations Manual. Amend the Operations Manual Bulletin 
Record to show bulletin TBCE-5 “In Effect” (IE). 


This Operations Manual Bulletin will be cancelled after Boeing is notified that all 
affected airplanes in the operator’s fleet have been modified by Service Bulletin 
3214446-36-1575. If the operator does not plan to modify all the airplanes and 
would like to have the contents of this Bulletin incorporated in the Operations 
Manual, please advise Boeing accordingly. Please send all correspondence 
regarding Operations Manual Bulletin status to one of the following addresses: 
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Mailing Address: 


Fax Number: 
Telex: 


SITA: 


Manager Flight Technical Publications 
737 Model 

Boeing Commercial Airplane Group 
P. O. Box 3707 MS 20-89 

Seattle WA 98124-2207 

U.S.A. 

(206) 662-7700 

329430 Station 627 

SEABO7X Station 627 
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Operations Manual Bulletin 
for 
The Boeing Company 


The Boeing Company 
Seattle, Washington 98124-2207 S 


Number: TBCE-6 R1 
Date: September 20, 1995 
Document Effectivity: D6-27370-400E-TBCE 
Subject: RUNAWAY STABILIZER PROCEDURE 


Reason: This is a reissue of TBCE-6, dated June 16, 1995, which notified 
operators of an intermittent stabilizer trim system anomaly and provided 
additional guidance when accomplishing the Runaway Stabilizer 
procedure. The purpose of this reissue is to provide service bulletin 
information and closing action for the OM bulletin. 


Information in this bulletin is recommended by The Boeing Company, but may not be FAA approved 
at the time of writing. In the event of conflict with the FAA approved Airplane Flight Manual (AFM), 
the AFM shall supersede. The Boeing Company regards the information or procedures described 
herein as having a direct or indirect bearing on the safe operation of this model airplane. 


THE FOLLOWING PROCEDURE AND/OR INFORMATION IS EFFECTIVE UPON RECEIPT 


Background Information 


Four operators have reported instances of excessive stabilizer trim system 
coasting (stabilizer trim wheel continues to rotate) after the control wheel 
stabilizer trim switches have been activated and released. The reports indicate that 
when the pilot released the trim switches, the stabilizer trim wheel coasted up to 
40 turns (four units of trim). In some instances the trim wheel stopped moving in 
the commanded direction and then rotated up to 40 turns in the opposite direction. 


The stabilizer trim main electric motor turns in only one direction. It drives the 
stabilizer trim actuator through two electro-magnetic clutches. One clutch is 
engaged for nose-up trim and the other is engaged for nose-down trim. Boeing 
examination of a suspect clutch showed that the reported coasting and/or reverse 
coasting of the stabilizer manual trim wheel was due to intermittent jamming of a 
clutch disc in one of the clutch assemblies. As a result, the electric motor will 
remain mechanically connected to the stabilizer trim mechanical actuator gear 
system after the control wheel stabilizer trim switches have been released. 
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With flaps down, the electric motor can continue to rotate up to 40 additional turns 
of the manual trim wheel after electrical power has been removed. With flaps up, 
manual trim wheel coasting is not significant because of the reduced trim motor 
speed. The autopilot trim system, which uses a motor that turns in either direction 
and drives the stabilizer trim through a single clutch, does not exhibit this 
problem. 


Boeing Service Bulletin 737-27A1191, dated October 13, 1994, and revision 
dated November 3, 1994, provide instructions to replace the stabilizer trim electric 
actuator on the stabilizer trim control system. 


Recommended Operating Procedures 


The current Runaway Stabilizer procedure will effectively inhibit and limit an out 
of trim condition. Normal pilot reaction to a runaway stabilizer of opposing the 
runaway with main electric trim in addition to control column force will initially 
resolve a runaway. The Runaway Stabilizer Checklist recall action, 
“STABILIZER TRIM CUTOUT SWITCHES...CUTOUT” will isolate the 
malfunction if the runaway was caused by the main electric trim or autopilot trim 
systems. The stabilizer trim cutout switches only remove electrical power to the 
electric motors. 


If the trim wheel continues to rotate after this action has been taken, the recall 
action “STBILIZER TRIM WHEEL....GRASP AND HOLD” will prevent further 
runaway or coasting. If the electric motor remains mechanically connected to the 
stabilizer trim mechanical actuator gear system because of a clutch malfunction, 
actuating the stabilizer trim cutout switches to cutout will not immediately stop the 
trim wheel rotation. Grasping the trim wheel will stop the rotation more quickly 
than allowing the trim wheel to coast to a stop, keeping the airplane more in trim. 


In accordance with the procedure, trim the stabilizer manually for the remainder 
of the flight. 


Administrative Information 


Insert this bulletin behind the Operations Manual Bulletin Record page in 
Volume | of your Operations Manual. Amend the Operations Manual Bulletin 
Record to show bulletin TBCE-6 R1 “In Effect” (IE). 


This Operations Manual Bulletin will be cancelled after Boeing is notified that all 
affected airplanes in the operator’s fleet have been modified by Boeing Service 
Bulletin 737-27A1191. If the operator does not plan to modify all the airplanes 
and would like to have the contents of this Bulletin incorporated in the Operations 
Manual, please advise Boeing accordingly. Please send all correspondence 
regarding Operations Manual Bulletin status to one of the following addresses: 
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Mailing Address: 


Fax Number: 
Telex: 


SITA: 


Manager Flight Technical Publications 
737 Model 

Boeing Commercial Airplane Group 
P. O. Box 3707 MS 20-89 

Seattle WA 98124-2207 

U.S.A. 

(206) 662-7700 

329430 Station 627 

SEABO7X Station 627 
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Operations Manual Bulletin 
for 
The Boeing Company 


The Boeing Company 
Seattle, Washington 98124-2207 S 


Number: TBCE-12 
Date: December 3, 1999 
Document Effectivity: D6-27370-400E-TBCE 
Subject: MANEUVERING SPEEDS FOR 737-100/200/300/400/500 


Reason: Revise the Boeing Recommended Maneuvering Speeds 


Information in this bulletin is recommended by The Boeing Company, but may not be FAA approved 
at the time of writing. In the event of conflict with the FAA approved Airplane Flight Manual (AFM), 
the AFM shall supersede. The Boeing Company regards the information or procedures described 
herein as having a direct or indirect bearing on the safe operation of this model airplane. 


THE FOLLOWING PROCEDURE AND/OR INFORMATION IS EFFECTIVE UPON RECEIPT 


Background Information 


In March 1999, the FAA released a Flight Standards Information Bulletin for Air 
Transportation (FSAT) number 99-2, titled “Maneuvering Speeds and Recovery 
Procedures for Boeing 737 Airplanes.” The FSAT recommended that “For the 
interim period and prior to completion of fleet retrofit” (of a redesigned rudder 
power control unit (PCU) and the installation of both a digital yaw damper system 
and a rudder pressure reducer (RPR)), “that all Block Speeds for flap settings of 
UP, 1,5, and 10...be increased by at least 10 knots and that these increased speeds 
be used in lieu of the published Block Speeds.” 


Boeing issued an Operations Manual Bulletin (OMB). dated May 28, 1999 that 
provided revised Block Speeds to be used in compliance with the FSAT pending 
installation of the RPR. Boeing also advised that analysis of crossover speeds with 
the RPR installed was in work, and upon completion of analysis updated Block 
Speeds would be provided. Boeing has completed this analysis. The purpose of 
this bulletin is to provide updated Block (maneuvering) Speeds for 737 airplanes 
with the RPR installed. This bulletin does not apply to the 737-600/700/800. 
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The maneuvering speeds recommended by Boeing are referred to as Block 
Speeds. Block Speeds are provided for a specific flap setting and a range of 
weights. The lateral-directional static balance speed has been referred to as 
“crossover” speed. This is the airspeed that requires full lateral (roll) control from 
the ailerons and spoilers to counteract roll due to yaw caused by a full rudder 
input. At speeds slower than the crossover speed, with full rudder input, the roll 
induced by the rudder starts to exceed the lateral control authority. 


The Rudder Pressure Reducer (RPR) lowers hydraulic pressure to the rudder PCU 
during non-critical phases of flight, thereby limiting the amount of rudder 
deflection. Reduced rudder deflection lowers the speed at which crossover may 
occur. The crossover speed is not a fixed speed but varies as a function of g load 
and CG. Reducing g load lowers the crossover speed. As described in the 
Uncommanded Yaw and Roll non-normal checklist, if uncommanded yaw or roll 
is experienced, maintain control of the airplane with all available flight controls. 
If roll is uncontrollable, immediately reduce pitch attitude (angle of attack) and 
increase speed. Unloading the airplane by decreasing back pressure on the control 
column improves roll control effectiveness. 


Analysis of the effect of the RPR determined that Block Speed changes are not 
required for the 737- 100/200 (see Table 1). Block Speed changes are only required 
for 737-300/400/500 flaps 5 and flaps 10 (see Table 2). For all other flap positions, 
the crossover speed is below the Block Speed, and a maneuvering airspeed 
adjustment is not required. Until the RPR is installed and is operable, the Block 
Speeds provided in Table 3 should be followed for all 737’s. 


Increasing Block Speeds during takeoff is not required due to the relatively short 
operating time at speeds below the crossover speed. In heavyweight return to land 
situations where the revised Block Speed is equal to the flap placard speed for the 
next flap position, Boeing recommends slowing below the Block Speed as 
necessary to protect the flap placard speed prior to flap extension. Airspeeds 
specified by non-normal procedures should be followed instead of Table 2 or 
Table 3 Block Speeds. If dispatch is required with the RPR inoperative, Boeing 
recommends using Table 3 speeds during approach maneuvering. 


Speed tape equipped airplanes can use the “F” speeds for flap retraction. For 
approach operations using VNAV, speeds calculated by the FMC are based on 
gross weight and therefore may be below the Table 2 or Table 3 speeds. Pilots 
should use Speed Intervention mode (if installed) to follow the revised Block 
Speeds while remaining in VNAV. For airplanes without Speed Intervention, some 
other pitch mode is required for Block Speed compliance. FMC Update 10.3 will 
incorporate VNAV maneuvering speeds compatible with the crossover speeds 
with RPR operating. 
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Simulator software is available to incorporate revised aerodynamic data that more 
accurately model lateral-directional control static balance conditions. These 
updates are complete, and revised data are available for each 737 model by 
contacting Boeing Special Services Contract Manager at telephone 206-766-2418 
or fax 425-237-1706. 


Boeing, the FAA, and the NTSB conducted additional engineering simulator 
testing of the hypothetical rudder reversal and rate jams with the RPR installed. 
The NTSB was concermed that flight crews might believe a rudder jam or 
restriction was resolved and the non-normal procedure was complete if the rudder 
was centered by continuous rudder pedal pressure. After simulating this scenario 
it was agreed that it would be obvious to a flight crew that the procedure is not 
complete if the rudder centered but required significant rudder pedal force. As a 
result, the Jammed or Restricted Rudder non-normal procedure is not changed by 
installation of the RPR. 


An airline industry team consisting of airplane manufacturers, regulators, and 
various airline operators developed an Airplane Upset Recovery Training Aid 
dated October, 1998. This document was sent to all airlines and provides an 
excellent source of information about recovery from an upset event regardless of 
the cause. We believe training in accordance with the Airplane Upset Recovery 
Training Aid would be more beneficial than training specifically for a full rudder 
deflection anomaly. 
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Operating Instructions 


Tables 1 and 3 provide 737-100/200 Block Speeds to be used when the RPR is 
operating (Table 1) or when the RPR is not installed or not operating (Table 3). 
Tables 2 and 3 provide Block Speeds for the 737-300/400/500 to be used when the 
RPR is operating (Table 2) or when the RPR is not installed or not operating (Table 
3). 


Note: Operators with mixed fleets can use 737-300/400/500 tables for their 
737-100/200’s 


Table 1 
737-100/200 (With RPR installed (Service Bulletin 737-27A1206)) 


FLAP UP TO 

POSITION | 117,000 LBS 
(53,070 KGS) 

FLAPS UP 210 

FLAPS | 190 

FLAPS 5 170 

FLAPS 10 160 

FLAPS 15 150 

FLAPS 25 140 
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Table 2 


737-300/400/500 (With RPR installed (Service Bulletin 737-27A1206)) 


FLAP UP TO ABOVE ABOVE 
POSITION 117,000 LBS 117,000 LBS 138,500 LBS 
(53,070 KGS) (53,070 KGS (62,823 KGS) 
UP TO 
138,500 LBS 
(62,823 KGS) 
FLAPS UP 210 220 230 
FLAPS 1 190 200 210 
FLAPS 5 180 190 200 
FLAPS 10 170 180 190 
FLAPS 15 150 160 170 
FLAPS 25 140 150 160 
Table 3 


737-100/200/300/400/500 (With RPR deactivated or not installed) 


FLAP AT & BELOW ABOVE ABOVE 
POSITION 117,000 LBS 117,000 LBS 138,500 LBS 
(53,070 KGS) | (53,070 KGS | (62,823 KGS) 
UP TO 
138,500 LBS 
(62,823 KGS) 
FLAPS UP 220 230 240 
FLAPS 1 200 210 220 
FLAPS 5 190 200 210 
FLAPS 10 170 180 190 
FLAPS 15 150 160 170 
FLAPS 25 140 150 160 
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Administrative Information 


This bulletin cancels Operations Manual Bulletin TBCE-11, dated May 28, 1999. 
Insert this bulletin behind the Operations Manual Bulletin Record page in Volume 
1 of your Operations Manual. Amend the Operations Manual Bulletin Record to 
show bulletin TBCE-11 “Cancelled” (CANC) and bulletin TBCE-12 “In Effect” 
(IE). 


This bulletin will be cancelled after Boeing is notified that all affected airplanes 
in your fleet have been modified by SB 737-27A1206. 


The Block Speeds provided by this Operations Manual Bulletin will be 
incorporated in a future revision to the Operations Manual. 


Please send all correspondence regarding Operations Manual Bulletin status to 
one of the following addresses: 


Mailing Address: Manager Flight Technical Publications 
737 Model 
Boeing Commercial Airplane Group 
P. O. Box 3707 M/C 20-89 
Seattle WA 98124-2207 


U.S.A. 
Fax: (206) 662-7812 
Telex: 329430 Station 627 
SITA: SEABO7X 
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Limitations Chapter L 


Operating Limitations Section 10 


General 


This chapter contains Airplane Flight Manual (AFM) limitations and Boeing 
recommended operating information. Limitations that are obvious, shown on 
displays or placards, or incorporated within an operating procedure are not 
contained in this chapter. 


Airplane General 


Operational Limitations 


Runway slope +/—-2% 

Maximum Takeoff and Landing Tailwind Component | 10 knots 

Maximum speeds Observe Vmo pointer and gear/ 
flap placards 

Turbulent airspeed 280 KIAS/.73M 

Maximum flight operational latitude 73° North and 60° South 

Maximum Operating Altitude 37,000 feet 

Maximum Takeoff and Landing Altitude 8,400 feet 


Verify that an operational check of the flight deck door access system (as installed) 
has been accomplished according to approved procedures once each flight day. 


Non-AFM Operational Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 


On revenue flights, the escape slide retention bar (girt bar) must be installed 
during taxi, takeoff and landing. 


The maximum demonstrated takeoff and landing crosswind is 35 knots. 
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Altitude Display Limits for RVSM Operations 


Standby altimeters do not meet altimeter accuracy requirements of RVSM 


airspace. 


The maximum allowable in-flight difference between Captain and First Officer 
altitude displays for RVSM operations is 200 feet. 


The maximum allowable on-the-ground altitude display differences for RVSM 


operations are: 


Field Elevation Max Difference Max Difference 
Between Between 
Captain & F/O Captain or F/O & 
Field Elevation 
Sea Level 40 feet 75 feet 
5,000 feet 45 feet 75 feet 
10,000 feet 50 feet 75 feet 


Weight Limitations 
737-300 Airplanes 


Maximum Taxi Weight 


135,500 Ibs 


(61,461 kgs) 


Maximum Takeoff Weight 


Maximum Landing Weight 


135,000 Ibs 
(61,234 kgs) (1) 
114,000 Ibs 

(51,709 kgs) (2) 


Maximum Zero Fuel Weight 


106,500 lbs 
(48,307 kgs) 
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Maximum Taxi Weight 139,000 Ibs 
(63,049 kgs) 
Maximum Takeoff Weight 138,500 Ibs 
(62,822 kgs) (1) 
Maximum Landing Weight 121,000 Ibs 
(54,844 kgs) (2) 
Maximum Zero Fuel Weight 113,000 Ibs 


(51,255 kgs) 


737-500 Airplanes 


Maximum Taxi Weight 125,000 Ibs 
(56,699 kgs) 
Maximum Takeoff Weight 124,500 Ibs 
(56,472 kgs) (1) 
Maximum Landing Weight 110,000 Ibs 
(49,894 kgs) (2) 
Maximum Zero Fuel Weight 102,500 lbs 
(46,493 kgs) 


All Airplanes 
C. G Limits 


Use approved weight and 


balance system 


Limitations - 
Operating Limitations 


(1) May be further restricted by takeoff, enroute, and landing performance. 


(2) May be further restricted by field length or climb limit. 


Air Systems 


The maximum cabin differential pressure (relief valves) is 8.65 psi. 


Non-AFM Air Systems Operational Information 


Note: The following items are not AFM limitations but are provided for flight 


crew information. 


With engine bleed air switches ON, do not operate the air conditioning packs in 
HIGH for takeoff, approach or landing. 
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Anti-Ice, Rain 


Engine TAI must be on when icing conditions exist or are anticipated, except 
during climb and cruise below —40°C SAT. 


Autopilot/Flight Director System 
Do not use aileron trim with autopilot engaged. 
Do not engage the autopilot for takeoff below 1000 feet AGL 


For single channel operation, the autopilot shall not be engaged below 50 feet 
AGL. 


Communications 
Do not use VHF-3 for ATC Communications with ACARS operational. 


Note: The following limitation is applicable to airplanes which have not 
incorporated the effects of Honeywell service bulletin 405 1600—22-0023 
which installs a Honeywell flight control computer to correct the VHF-2 
squelch break anomoly. 


Because of unacceptable electromagnetic interference between the flight control 
computer, the EFIS symbol generator, and the VHF-—2 antenna, do not use VHF-2 
on 120.000 MHz or 120.005 MHz as a primary means of communication. If 
frequency 120.000 MHz or 120.005 MHz is required, use VHF-1. 
On airplanes equipped with Rockwell/Collins Model HFS—700 and/or HFS—900 
communication transceivers, flights predicated on the use of the following HF 
frequencies are prohibited: 

e 11.133 MHz 

¢ 22.434 MHz 

¢ 22.683 MHz 

¢ 22.766 MHz 
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Aircraft Communications Addressing and Reporting System 


The ACARS is limited to the transmission and receipt of messages which will not 
create an unsafe condition if the message is improperly received, such as the 
following conditions: 

e the message or parts of the message are delayed or not received, 

e the message is delivered to the wrong recipient, or 

e the message content may be frequently corrupted. 


However, Pre-Departure Clearance, Digital Automatic Terminal 
Information Service, Oceanic Clearances, Weight and Balance and 
Takeoff Data messages can be transmitted and received over ACARS if 
they are verified per approved operational procedures. 


Electrical Power 
Non-AFM Electrical Power Operational Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 


Maximum generator drive oil temperature: 157° C 


Engines and APU 
Engine Limit Display Markings 
Maximum and minimum limits are red. 


Caution limits are amber. 
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General Engine Limitations 


Maximum time limit for takeoff thrust 5 minutes 

Maximum N1 RPM 106% 

Maximum N2 RPM 105% 

Maximum Takeoff EGT 930° C 

Maximum Continuous EGT 895° C 

Maximum Start EGT 125%C 

Minimum Oil Pressure 13 psi 

Maximum Oil Temperature 165° C maximum 
160° C - 165° C 
allowable for 15 
minutes 
160° C maximum 
continuous 


Engine Ignition 

Continuous ignition must be on (ENGINE START switch in the CONT position) 
during takeoff and landing and during engine anti—ice operations. 

PMC 

Both PMC’s must be either OFF or ON for takeoff. 


Reverse Thrust 


Intentional selection of reverse thrust in flight is prohibited. 
Non-AFM Engine Operational Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 


Pneumatic pressure (prior to starter engagement): minimum 30 psig at sea level, 
decreasing 1/2 psig per 1,000 ft. above sea level. 


Starter Duty Cycle (normal start) — 
¢ first attempt: 2 minutes on, 20 seconds off 
¢ second and subsequent attempts: 2 minutes on, 3 minutes off. 


APU 
Maximum start EGT is 760° C. 


Maximum continuous EGT is 710° C. 
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With APU bleed + electrical load, maximum altitude is 10,000 ft. 
With APU bleed, maximum altitude is 17,000 ft. 
With APU electrical load, maximum altitude is 35,000 ft. 


Non-AFM APU Operational Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 


APU bleed valve must be closed when: 
¢ ground air connected and isolation valve open 
¢ engine no. | bleed valve open 
¢ isolation valve and engine no. 2 bleed valve open. 


APU bleed valve may be open during engine start, but avoid engine power above 
idle. 


Do not start or shut down APU during refueling operations. 


Flight Controls 

Maximum flap extension altitude is 20,000 ft. 

In flight, do not extend the SPEED BRAKE lever beyond the FLIGHT DETENT. 
Non-AFM Flight Controls Operational Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 


Do not deploy the speedbrakes in flight at radio altitudes less than 1,000 feet. 
Alternate flap duty cycle: 


Flaps 0 — 15 5 minutes off 


Flaps greater than 15 25 minutes off 


Flight Management, Navigation 


For airplanes with FMC update earlier than U7.2: 

During VOR approaches, one pilot must have raw data from the VOR associated 
with the approach displayed in the EHSI VOR/ILS mode no later than final 
approach fix. 


Non-AFM Flight Management, Navigation Operational 
Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 
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Do not operate weather radar during fueling or near fuel spills or people. 


Fuel 


Maximum fuel temperature is 49° C. 


Minimum fuel temperature is fuel freeze point +3° C or -45° C, whichever is 
higher. 


Fuel Balance 


Lateral imbalance between main tanks 1 and 2 must be scheduled to be zero. 
Random fuel imbalance must not exceed 1,000 Ibs (453 kgs) for taxi, takeoff, 
flight or landing. 


On the ground, main tanks | and 2 must be full if center tank contains more than 
1,000 Ibs (453 kgs). 


Hydraulic Power 


Non-AFM Hydraulic Power Operational Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 


Minimum fuel for ground operation of electric hydraulic pumps is 1,676 lbs (760 
kgs) in respective main tank. 

Landing Gear 

Non-AFM Landing Gear Operational Information 


Note: The following items are not AFM limitations but are provided for flight 
crew information. 


Do not apply brakes until after touchdown. 
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Normal Procedures Chapter NP 


Introduction Section 10 


General 


This chapter contains Normal Procedures. The first section incorporates routine 
normal procedures and associated flight patterns. The second section incorporates 
supplementary procedures that are accomplished as required rather than routinely 
performed. 


Controls and Indications — Nomenclature 


Controls and indications appear in all UPPERCASE type to correspond to the 
words on the control panel or display. For example, the following item has 
UPPERCASE words to match what is found on the panel: 


EQUIPMENT COOLING switches .............cccccccccessseeeeeeeeeees NORMAL 
The word EQUIPMENT is spelled out, even though it is abbreviated on the panel. 


The following appears in all lower case because there are no words identifying the 
panel name. 


Audio selector panel: oi eccs cecesecouesdessises devevecseuengenecugeacdudeasedevanee seed Set 


Normal Procedures 


Normal procedures are used by the trained flight crew to ensure airplane condition 
is acceptable and that the flight deck is correctly configured for each phase of 
flight. These procedures assume all systems are operating normally and automated 
features are fully utilized. 


Procedures are performed from recall and follow a panel flow. Checklists are used 
to verify that critical items affecting safety have been accomplished. These 
procedures are designed to minimize crew workload and are consistent with flight 
deck technology. 


During accomplishment of procedures, it is the crew member’s responsibility to 
ensure proper system response. If an improper indication is noted, first verify that 
the system controls are properly positioned. Then, if necessary, check the 
appropriate circuit breaker(s), and test related system light(s). 


Before engine start, individual system lights are used to verify system status. If an 
individual system light is indicating an improper condition prior to engine start, 
determine if the condition may affect dispatch and require maintenance action or 
compliance with the Minimum Equipment List (MEL). 
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After engine start, the MASTER CAUTION system, annunciator lights, and alerts 
are used as the primary means to alert the crew to a non-normal system condition. 
Illumination of the MASTER CAUTION and system annunciator lights requires 
accomplishment of the appropriate non-normal procedure. Upon completion of 
the procedure and prior to takeoff, the Dispatch Deviations Guide (DDG) or 
airline equivalent should be consulted to determine if MEL relief is available. 


Flight crew duties are organized in accordance with an area of responsibility 
concept. Each crewmember is assigned a flight deck area where the crewmember 
initiates actions for required procedures.The panel illustrations in this section 
describe each crewmember’s area of responsibility for pre/post flight and phase of 
flight. 

Pre/post flight duties are apportioned between the captain and first officer, while 
phase of flight duties are apportioned between the pilot flying (PF) and pilot not 
flying (PNF). A normal scan flow is encouraged; however, certain items may be 
handled in the most logical sequence for existing conditions. Actions outside the 
crew member’s area of responsibility are initiated at the direction of the captain. 
General phase of flight responsibilities are as follows: 


Pilot flying (PF): 

e flight path and airspeed control 

¢ airplane configuration 

* navigation. 
Pilot not flying (PNF): 

¢ checklist reading 

* communications 

¢ tasks requested by PF 

¢ start levers and fire switches (with PF concurrence). 
Phase of flight duties, beginning with the Takeoff Procedure and ending with 
completion of the Landing Roll Procedure, are presented in table form in the 
appropriate procedures section. 


The first officer, when flying the airplane, performs the duties listed under PF, and 
the captain performs those duties listed under PNF. 


Note: Although the mode control panel is designated as the PF’s responsibility, 
the PNF should operate the controls on the mode control panel at the 
discretion of the PF when the airplane is being flown manually. 


The captain retains final authority for all actions directed and performed. 
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Autopilot Flight Director System and Flight Management 
System Monitoring 


When the autopilot, flight director, or autothrottles are in use and a mode change 
is selected or is scheduled to occur, the annunciation must be verified on the flight 
mode annunciation display. Airplane course, vertical path, and speed must always 
be monitored. 


Similarly, when a thrust mode change is selected or is scheduled to occur, the 
annunciation must be verified on the thrust mode display. 


In LNAV and VNAYV,, all airplane course, vertical path, thrust and speed changes 
must be verified. 


CDU Operation 


On the ground, the control display unit (CDU) entries are normally performed by 
the first officer and verified by the captain. 


In flight, CDU entries are normally accomplished by the pilot not flying and 
verified by the pilot flying prior to execution. CDU entries should be 
accomplished prior to high workload periods such as departure, arrival, or 
holding. During high workload periods, using the autopilot modes such as heading 
select, level change, and the altitude and speed intervention features, if available, 
may be more efficient than entering complex route modifications into the CDU. 
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Panel Scan Diagram 


The diagram below describes each crew member’s area of responsibility and scan 
flow pattern for each panel when the airplane is not moving under its own power. 
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Pilot Flying/Taxiing and Pilot Not Flying/Not Taxiing Areas of 
Responsibility 


The diagram below describes each crew member’s area of responsibility for each 
panel when the airplane is moving under its own power. 
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Exterior Safety Inspection — Captain or First Officer 


Surfaces:and: Chocks :..2..2.:.c.c2, Jozideccsestess sles geel deca odes dena eteeg ser eesete Check 
Visually check that all movable surfaces are clear and the chocks are 
in place. 

Maintenance status... eee eeeceseceecsecsseesceceseescecsaeceecseesseesseeesaees Check 


Verify maintenance status is acceptable for flight and ensure 
agreement with authorized dispatch deviations if required. 


Flight Deck Safety Inspection — Captain or First Officer 


Perform the following checks prior to assuming normal crew positions. 


Flight Deck Access Power switch 
(as! INStAE). 16. ..2SesessdveedetenesssSeccen cecoagan Ahi gacedeatucccesnseseens esensuaees NORM 


BATTERY SS WACCH 585 et 5 28s ste cath umeeeateskvgate Ms teeieesateacendess ets ON 
Guard — Down 

ELECTRIC HYDRAULIC PUMP switches .00.. i eeeeeeeeseeseeeeees OFF 

LANDING: GEAR ever ies cstissiscijebetciitbveetlebeeetis ess cadvveoneduede debeedscavh DN 
All green landing gear indicator lights — Nluminated 


RADAR SWITCHES cscs. ses. teis cases ubesacebde teckecitetts ttunsedngs ieeats OFF 


Preliminary Flight Deck Preparation — Captain or First Officer 
GROUND POWER switch (if ground power is available) ................ ON 
BUS OFF lights — Extinguished 
Fault/Inop detection ..........cecceescccesecceseeeseeeseseceeaeeceeeeeeaeecseeeeaeees Check 
OVERHEAT DETECTOR switches - NORMAL 
TEST switch — Hold to FAULT/INOP 


Verify MASTER CAUTION, OVHT/DET annunciator, FAULT 
and APU DET INOP lights are illuminated. 


Copyright © The Boeing Company. See title page for details. 


December 06, 2002 D6-27370-400E-TBCE NP.20.1 


Normal Procedures - 


Amplified Procedures QSOEING 


737 Operations Manual 


If the FAULT light fails to illuminate, the fault monitoring system 
is inoperative. 


If APU DET INOP light fails to illuminate, do not operate APU. 


Fire/Overheat warning 


Note: Alert ground personnel before this test is accomplished with the 
APU operating. The fire warning light flashes and the horn 
sounds on the APU ground control panel. 


TEST switch — Hold to OVHT/FIRE 


Verify fire warning bell sounds, master FIRE WARN lights, 
MASTER CAUTION lights and OVHT/DET annunciator 
illuminate. 


Master FIRE WARNING light — Push 
Verify master FIRE WARN lights and fire warning bell cancel. 


Verify engine No. 1, APU, and engine No. 2 fire warning switch 
and engine No. | and engine No. 2 OVERHEAT lights are 
illuminated. If AC busses are powered, verify WHEEL WELL fire 
warning light is illuminated. 


Verify FAULT light and APU DET INOP light remain 
extinguished. If FAULT light illuminates, a detection loop is 
inoperative. 


EXTINGUISHER TEST switch 0... ee eeeeeseeeseceseeeneseneeeseeeaees Check 


Position TEST Switch to 1, verify the green extinguisher test lights 
are illuminated. Release switch and verify the lights are extinguished. 
Repeat for test position 2. 


AP oes eee iii din eenehe ee area aoe Start & on busses 
When the APU GEN OFF BUS light illuminates: 
APU GENERATOR bus switches — ON 
BUS OFF lights — Extinguished 


Note: It is recommended that the APU be operated for one minute 
before using as a bleed air source. 


FLAP lever 
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Position the FLAP lever to agree with the FLAPS position indicator. 
CARGO FIRE system (as installed) .0...... ee eeceeesecesneeeeneeeeteeeeaees Check 
DETECTOR SELECT switches - NORM 
TEST switch — Push 


Verify fire warning bell sounds and master FIRE WARN lights 
illuminate. 


Master FIRE WARN light — Push 
Verify master FIRE WARN lights and fire warning bell cancel. 
Verify cargo fire (FWD, AFT) warning lights are illuminated. 
Verify DETECTOR FAULT light remains extinguished. 


Note: If a cargo fire warning light does not illuminate and 
the DETECTOR FAULT light illuminates, a detection 
loop is inoperative. 


Verify the green EXTINGUISHER test lights are illuminated. 
Verify the cargo fire bottle DISCHARGE light is illuminated. 
Emergency equipment 0.0.0.0... ceseescescenecesceseceseeeeeceseeeseeeaeeeseeens Check 
Fire extinguisher — Check and stow 


Verify safetied. 


Crew. OXy gem Valve a ivcccecee celsenelibteededeeeldeced eats len ebeunecebeuiedetpeseeeteees Open 

Circuit breakers. (P26) s.icscvsieates i acecd teach Seneca ati evdecccseeeeieehent es Check 
Verify circuit breakers are in or collared in compliance with dispatch 
requirements. 

Flight-ReCorden. es: co.s5e2..geaehedede che iedees iain Mies eee tesa eae Test 


FLIGHT RECORDER OFF light — [luminated 
FLIGHT RECORDER test switch — TEST 
FLIGHT RECORDER OFF light — Extinguished 
FLIGHT RECORDER test switch - NORMAL 
MACH AIRSPEED WARNING TEST switches ........ eee eeeeeeee Push 
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Verify clacker sounds. 
STALL WARNING TEST switches oo... cece eeeeeeeseeeeeeeeeeeeeeeneeees Push 
Verify control column vibration when each switch is pushed. 


Note: With hydraulic power off, the leading edge flaps may droop 
enough to cause an asymmetry signal, resulting in a failure 
of the stall warning system test. Should this occur, place the 
“B” system electric pump ON and retract the flaps. When 
flaps are retracted, repeat the test. 


REVERSER Wight: 2... s:.cescesscihieeesteedeepiidhvagessdesstigestecniebeas Extinguished 

PMG switches ~..0..2a celiac aes ed ee de et ON 
Verify INOP lights extinguish. 

PASSENGER OXYGEN SWitch 0... eeceeeecereeeeeeeeeeeaeeeeeees NORMAL 
Guard — Down 
PASS OXY ON light — Extinguished 


CAUTION: Switch activation will cause deployment of 
passenger oxygen masks. 


CREW OXYGEN pressure indicator ......... ce eeeeeseeeeeeereeeeeeeeeeeeeees Check 
Verify pressure meets dispatch requirements. 

SERVICE INTERPHONE switch .0.... ce eeeceeeeseeeseceseeeseeeees As required 

TRS ‘mode‘selectors is. ses es ce ea ie ie ee NAV 


Note: Prior to commencing the alignment procedure the airplane must 
be parked and not moved until alignment is complete and the 
ALIGN lights extinguish. 


Verify both ON DC lights illuminate momentarily followed by steady 
illumination of the ALIGN lights. The ALIGN lights will remain 
illuminated until the IRS enters the NAV mode. If aligning above 70° 
12.0’ and less than 78° 15.0’, refer to “IRS HIGH LATITUDE 
ALIGNMENT” procedure. 


Circuit breakers:(P=18): ci.cciecsceshs cetania seco tckstenasiet vs tdeswecttes dee tideee Check 


Verify circuit breakers are in or collared in compliance with dispatch 
requirements. 
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Rain repellent js -cdtes ssehsettesaiedstectvegh ecteichectetsuestedeltegeetgesonweeteuwea tea td Check 


Verify float above line and shutoff valve handle is in vertical position. 


CASI AK Cio).27.eesssds iabaete ides cecetea ss Sigevatlotioeostessdes sade devosdasioes eieesane tel Stowed 


Exterior Inspection 


Prior to each flight, the flight crew must accomplish or verify that the maintenance 
crew has accomplished the following checks. 


Note: Alert ground personnel before pressurizing hydraulic system. 

ELECTRIC HYDRAULIC PUMP switches .00... eee eeeeeeeeeeeeeenees ON 
System A and B pressure — 2800 PSI minimum 

Parking’ brakes a sciatsstadpedesttses be ea ontceenictesseh Weisetsdetvens dn aeoinenniaees Set 
Parking brake warning light — Illuminated 

Exterior Tihs: 5. s.sis cadssvcres cvciekosascebsebscakde berets oe debde covedie sucedmecessceasnads Check 

General airplane CONItION....0...... ee eeeceeeneeeeeeeeeeeeseeeesaeceteeeeeaeens Check 


Check airplane free of damage and fluid leakage. 


Probes, sensors, ports, vents and drains ............eeeeeeeeeeeeees Unobstructed 

Doors, latches and access panels (not in use) ................ Properly secured 

Tires, brakes and wheels .............cccccccccccsscccccccceccsesssecececeeecesecesesenss Check 
If brake wear indicator pins are even with brake housing, check with 
maintenance. 

Gear struts and COOfs 000... eeeeesceseceseceeeceseceseceseseseesaessaeesseesaeoeaes Check 


Verify door seals secure and struts not fully compressed. 
Ground locking Pins .........c ee eeecceesceeeeseceeaeeeeeeeceeeceeeceeeeeaees Removed 
Nose gear steering lOCKOUt PIN 0... lets eeeeeeseceteeeneeeseeeseeeseeeseeens Check 


Installed if pushback or tow out will be accomplished, otherwise 


removed. 
Nose wheel snubbers 0.0.0.0... eeesessecesecneeceseceeecseeceseceaeenseesaeeesees In place 
Wheel well light switches ......... ese cesesseceseceseeeseeeseceeeeneeeaes NORMAL 
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Oxygen pressure relief green CISC .0......eeeeeeeeceeeteeeteeeeeeeeeneeeeaes In place 
Cargo COMpPAartMENts 2.0... eeeeeeceeeseeeeeeeeeeeeseeeeeeeeeeeceeaeceeeeseaeenes Check 


Check condition of compartments, tie-downs and lights. 
Ram air deflector COOK 0... cee eeeeesesseeeseceneceeceeeeeeeeeeseseeeenes Extended 
Flight control surfaces ..........esceseeseesesesecsseeeseesseeeeesseeenees Unobstructed 
Check all surfaces clear of ice, snow, or frost. 
Fuel measuring Sticks 000... eeseeesecseeceseeseeceseceeceeesseeesaeenseesaes Check 


Verify measuring sticks agree with alignment marks. 


A & B Hydraulic reservoir quantity indicators ......0......... RF or above 
Brake accumulator indicator ......... cee eeeeeeseeeeeeeeeees 2800 psi minimum 
APU fire control handle... cece eeeeeeeceseceseceseeeseceeeeseseaeeeeesaeeeaeees UP 
Qutflow Valve s..ccsicorcish oe eat esc 2th Sets eee decease beatin ieee Full open 
APU fire red and yellow discharge indicators 0.0.0.0... cece In place 
Engine fire extinguishers ............ ce eeseeseeesecseeceseceseceeeeeceneeeseeeaees Check 


Verify pressure adequate per bottle data plate. 
ELECTRIC HYDRAULIC PUMP switches .0.... eee eeeeeseeneeeeee OFF 


Exterior lights cisics chcetanianaingivinn alate aimless As required 


Flight Deck Preparation — Captain or First Officer 
TAGHUIESt..cectect teu stieceyasav on iehie dies senteateri ea alteneeaa dead eee. Test 
Master LIGHTS test and dim switch — TEST 


Use scan flow to check all lights flashing or illuminated. Use 
individual test switches or press to test feature to check 
appropriate lights which do not illuminate during the light test. 
The fire warning lights are not checked during this test. 


Master LIGHTS test and dim switch — As desired 
EM C/CDU%s sscctstontestine ert end dade hte Set present position 
POS INIT page — Select 
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Using the most accurate information available, enter present 
position on the SET IRS POS line. Confirm that the box prompts 
are replaced by the entered present position. 


On airplanes with FMC U1.0, U1.1, U1.2 or U3.0 verify that both 
the ISDU and FMC/CDU display the same present position. 
Verify for both left and right IRS’s. 


Flight Deck Preparation — Captain 
ESCAap@ Sta sxsecesaecter athe ie oyUsnss sei cenwcdsuus, Sate spaetevehe eatuags teva svenceeaesceees Check 
Ensure strap is connected to structure. 
Sun visor and smoke goggles 0... cescescsseceseceseeeseeeseeeseeeaeessneens Stowed 
Oxygen and interphone ......... ese eeeeseeseceneceeeceseeeseeeaeeeseesseeeneeeaes Check 
Audio selector panel — Set 


Push FLT INT transmitter selector and receiver switch, and adjust 
volume controls on receiver switch and overhead speaker. 
Position microphone selector to MASK. 


Oxygen panel — Set 


Check mask is properly stowed and NORMAL/100% switch is at 
100%. 


RESET/TEST slide lever — Push down and hold 
Observe momentary yellow cross in flow indicator. 
EMERGENCY/TEST selector — Push and hold 


While holding RESET/TEST slide lever down, push 
EMERGENCY/TEST selector and observe constant yellow cross 
in flow indicator. 


Push—To—Talk switch — I/C 


While holding RESET/TEST slide lever down and pushing the 
EMERGENCY/TEST selector, simultaneously key microphone 
and listen for oxygen flow sound through the overhead speaker. 
Then release all switches and reposition microphone selector as 
desired. 


Oxygen pressure — Check 
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Verify pressure meets dispatch requirements. 
Flight:conttol: panel os: cc:2.tc.42.-cessevedt iccaeiss nucedieiedia Mesias Check 
All 5 switch guards — Down 
ALTERNATE FLAPS position switch — OFF 
YAW DAMPER SWitch ..0.......cecesccescessecesecoeeenscenscessersetenseenseneneeorens ON 
YAW DAMPER light — Extinguished 


Instrument and 
NAV transfer SWitChes ........ccccccccc ccc cceessseceeccccecccessssseeeeeessesseees NORMAL 


Fuel System wisi seccil ot ievtnedsensgeeaecsaseneee _____ LBS/KGS & pumps ON 
FUEL VALVE CLOSED light - Illuminated dim 
FILTER BYPASS lights — Extinguished 
CROSSFEED selector - CLOSED 
VALVE OPEN light — Extinguished 
Fuel quantity — Check 
Verify total fuel quantity meets dispatch requirements. 
FUEL PUMP switches (for tanks containing fuel) - ON 


Center tank fuel pump switches should be positioned ON only if 
the fuel quantity in the center tank exceeds 1000 Ibs/453 kgs. 


LOW PRESSURE lights — Extinguished 


CAUTION: If a LOW PRESSURE light does not extinguish 
when the switch is positioned ON, position the 


switch OFF. 
GALLEY power SWitch 00.00... esecseeceeesecesetsoncrsetenetenseecetensseeseesseres ON 
Electrical Sy Stemi si siiscisSeisths deesbenlonvshliee sl eveh oloteeteebnacehs Besse reteensoeees Set 


STANDBY POWER switch - AUTO 
Generator drive DISCONNECT switches — Safetied 
BUS TRANSFER switch — AUTO 
CIRCUIT BREAKER and PANEL light controls... As desired 
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EQUIPMENT COOLING switches 0.0... .ecceeseeeseeeeseeeeneeeees NORMAL 
OFF lights — Extinguished 

EMERGENCY EXIT lights switch .0...... eee ceeeceeesceeeeeeeeeeeeeeees ARMED 
Guard — Down 
NOT ARMED light — Extinguished 

PasSenSer Si Qn. sess lesce..seuees teaesicteeees steve see cpeate acd cshelaed Penaeedseede Set 
NO SMOKING switch — AUTO or ON 
FASTEN BELTS switch — AUTO or ON 

Windshield WIPER selector ...........eccceeesceesececeneeeeneeeeneeeeeaecesaeeseaeenes OFF 
If the windshield wipers are not stowed, place the selector in PARK then 
OFF. 

WINDOW HEAT switche .........ecccecccceseccesecesceceeneceaceeeeeeeeaeeceneeseaees ON 


Position switches ON at least 10 minutes before takeoff. 
OVERHEAT lights — Extinguished 
ON lights — Illuminated (except at high ambient temperatures) 
PITOT STATIC HEAT switches .00.... eee eseeseceseceseceeeeeeeeeseaeeeeees OFF 
WING and ENGINE ANTI-ICE switches 00.0.0... ee eeeeeseeseeeeneeeeeees OFF 
VALVE OPEN lights — Extinguished 
Hydraulics: .i:.3:.2:.3. eaten ine ices eee hath noeecee tin aie Normal 


Note: Alert ground personnel before pressurizing hydraulic 
system. 


System A HYDRAULIC PUMPS switches - ON 
System B HYDRAULIC PUMPS switches — ON 
Electric pump LOW PRESSURE lights — Extinguished 
Brake pressure — 2800 PSI minimum 

System A and B pressure — 2800 PSI minimum 
Quantity indicators — Above RFL 
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Pressurization indicators ........ eee eeeeseceseeeseceseeeseeeeecseceseeesaeenees Check 
Cabin differential pressure — Zero 
Cabin altitude — Field elevation 
Cabin rate of climb — Zero 
Exterior light Switches 0.0.0... ceeeeseesesseceneeeseceneeeseesseeeseeeaeees As desired 
Ignition select SWitCh oo... lei eeeeeseeeseeeeeeeseeneeseseceeeseseeeseeseees IGNLorR 
Alternate ignition select switch on subsequent starts. 
ENGINE START switches ':;, 042.5035. sssessdesi Ss gl aeetiggoesuiedenecsses neskeseteesiece OFF 
INAV-SWitCheSias tril censtides seein eo tee eestor ices As required 


Select FMC, ANS-L or ANS-R as appropriate for navigation system 
to be used for departure. 


Mode:control panel :...cic..ecesseceves niaecet alae eedekee Piatt ane ev ineealetetee ate Set 


When selecting a value on the MCP, ensure the corresponding display on 
the instrument panel changes, if applicable. 


COURSK(S) — Set and crosscheck 
FLIGHT DIRECTOR switches — ON 
Position the switch for the pilot flying to ON first. 
AUTOTHROTTLE switch — OFF 
Heading — Runway heading 
Bank angle limit — as desired 
Altitude — as desired 


Autopilots - DISENGAGE 


Marker Beacon SWitch 00... cece ccccccssessesssesccccceessesesssseceescees As desired 
COGN 272, 2352 ste acttdcas asso tenecenhee ld. odes ees batiee st ess wi teaaeie ao ee eae ee Set 
Left flight instrument... eee eeseeseeeeeceneeeseecseesseeseeesneeeseeeeeseaees Set 


Note: IRS alignment must be complete. 


EFIS — Correct 
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A/T, Pitch and ROLL FMA’s - Blank 
A/P STATUS FMA - FD 
Flight instrument indications are correct. 
Verify no flags displayed. 
Altimeter - Set 
MAP - Correct 
Verify no flags displayed. 
Route - Displayed, correct. 
NOSE WHEEL STEERING sWitch 0... eeeeeeseeereeeneeeeeeeseees NORM 
Light:controls ve.:c3..ssecctecisiee ipiteidnteave nindainasennes As desired 
Standby instruments 0.0... eee eee eseecseeceeeceeceseesseeeseesaessaeesaeeeseenaes Check 
Standby horizon — Set 
Erect horizon and verify proper attitude. 
Standby altimeter/airspeed indicator — Set 
Set altimeter and verify airspeed is zero. 


Fuel quantity indicators 0.0... cece eeeessceseceneeeeceeceseesseeeseeeaeeeseeees Check 
Test IAW the supplementary procedure. 


N1 manual set Knobs oe... ceceesecececcceccesseeessceecccescessaenensess Press 
Permits FMC control of the N1 cursors. 
Engine Instruments 000.00... eee eeeeseeseceneceseeeseecseceseeceeeeeeseseneesseeens Check 


Primary and secondary engine indications - Normal 
* engine indications display existing conditions 
* no exceedance values are displayed 
* engine oil quantity meets dispatch requirements 


Fuel used reset SWitch .......cccccccccccccccccsssessesececccescesssssseceececescessaaeeseess Press 


Engine: oi) :Quantity. :s:c5s50s csteseeexSovscsettevshectes sisegeteytegeaucndaeesecivenyeca tats Check 
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AINEES KIDS With sos ths So cates sedetdedtaabiedasctiekds Sovterashebes cabond tenbebs sanbelssa ses ON 
Verify ANTISKID INOP light extinguished. 
AUTO BRAKE select SWitch ........ccccccccsccceessececeseeeeeeeseeeessseeeeneaes RTO 


AUTOBRAKE DISARM light — extinguished 


SPEED BRAKE levet ............cecceesscceseeeeteeceaceceeaeeeseeeeeaees DOWN detent 
Reverse: thrust levers: cs: .)Gissisleinsteteeteasdcessaadseetnatenesberedesediousectanntense Down 
Forward thrust levers ..........cccccessccessceseeceeseecececeeaeeesaeeeeeeesteeeeseees Closed 
Sart TEV ELS recor devosgesescidaceys sdedesa cc savev0es ceeesgtidtey giteavdeeduyarereeeee es CUTOFF 
Parking brake ssisc: aides beiatd antes eee eleal tent ae ae Set 


Parking brake warning light —Illuminated 
STABILIZER TRIM cutout switches 00... eee eeeeeseeeseeeneeens NORMAL 
Wheel well fire warning Syste oo... eee eeeeeseeeseceseeeneeeneeesseeseeesaes Test 


Note: Delete this test if AC busses were powered during the fire 
warning check. Alert ground personnel before this test is 
accomplished with the APU operating. The fire warning light 
flashes and the horn sounds on the APU ground control panel. 


Test switch — Hold to OVHT/FIRE 


Verify fire warning bell sounds, master FIRE WARNING lights, 
MASTER CAUTION lights and OVHT/DET annunciator 
illuminate. 


Fire warning BELL CUTOUT switch — Push 
Verify WARN lights and fire warning bell cancel. 
WHEEL WELL fire warning light — Illuminated 


VHF comm radios... a3-tetenie tae Se i hee etek eee eet Set 
VHF NAV ‘tadi0s 5 cic RAG GE Le es Set for departure 
EFIS: control patieltt0.:..de.dtescreel. te oeesegisd Naat ecient Set 


EHSI range selector — As desired 
EHSI mode selector - MAP 
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Weather radar switch — OFF 
Map switches — As desired 
Auidio'selector patel 2isi:ssiccssp cece ceeethdecstebecesceh decnavt tesacobesetavel fgeenseeves Set 
AP PAI Ooi sas aes evincsieet Gascon stele oie. Aleaeen hae eleed eat eh taeda Set 


WARNING: Do not key the HF radio while airplane is being fueled. 
Injury to personnel or fire may result. 


FLOOD and PANEL light controls ...... eee eeeeeseeseeereeeseeenees As desired 
Weather tadar vice ivccgiscecstecceesvetcasevanicosathds ast evaecd ovdbcateests ca cousdencnvel sueeees tees Set 
Transponder as siete: v4 oon 4 okies skestaseav sheeteeds theme ieeen oer dawn eae Set 
ADE Tadi@ i. vcsissccrteceeeicis sce tusseates used le ee ea hat cde Le Be Set 
RUDDER and AILERON trim... eeeeeseeeeeeeeseeeeeeeeeeneees Free & zero 


Check trim for freedom of movement, set trim at zero units. 


STABILIZER TRIM override switch .........ccccceccc ccc ceeeeeeeeeeees NORMAL 


Verify positive horizontal (fore and aft) seat lock. 
Rudder: pedals: 2..icicc ss aitt enti an Side Suen ei ee ees Adjust 


Adjust rudder pedals to permit full rudder deflection and brake 
application. Hold nose wheel steering wheel while moving rudder 


pedals. 
Papers: sccbsntcvaves cuted. dec Sseeceducceveced chi lovecaduvtecustlecsvedentvasenss suatountnedeeds Aboard 
EM C/CDU Avesta sieties secestatetinct eaten sesso oa dedtf ta ccdes reste Sesepeel eer bewes Set 
IDENT page — Check 


Verify airplane and engine MODEL and NAV DATA ACTIVE 
dates are correctly displayed. 


POS INIT page — Set 
Verify GMT is correct. Enter local time if desired. 
RTE page — Select 
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Enter route by company route identifier or origin and destination 
airports, then waypoints and/or airways. 


DEPARTURES page — Select 


Select the active runway and departure/transition procedures, if 
known. 


RTE page — Select 


Verify selected departure and route. Correct route discontinuities, 
ACTIVATE and EXEC. 


PERE INIT page — Select 


Verify total fuel quantity is displayed on the CDU and that the fuel 
quantity indicators agree, and are adequate for the planned flight. 
Enter gross weight or zero fuel weight, fuel reserve and cost index. 
Enter cruise altitude and verify transition altitude. If desired, enter 
cruise wind and ISA deviation or top—of—climb temperature. 
EXEC. 


DEPARTURES page -— Select (if not previously entered) 


Select appropriate runway and departure/transition procedures. 
Select the RTE page. Verify selected departure. Correct any route 
discontinuities and EXEC. 


Thrust mode display — Check 
Verify dashes are displayed. 
TAKEOFF REF page — Select 


Verify preflight complete. Check displayed OAT against reported 
value. Enter correct value if necessary. 


Enter OAT and takeoff speeds. 


If reduced thrust takeoff is planned, enter assumed (SEL) 
temperature and select the desired mode on the N1 limit page. 


Note: Verify N1 reference bugs reflect the full rated N1 value or 
the derated N1 value if a TAKEOFF DERATE is selected. 


TAK COG Catia icticeccwssis os ibscerhonteostosdorsecebs oddest sebensised desdugeubined sbecdaeett Check 
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Verify takeoff data to include N1, V1, VR, V2, flap setting, zero fuel 
weight, temperature, altimeter setting, gross weight, and stabilizer 
trim setting. 
Flight Deck Preparation — First Officer 

EESCApe: Stap sc ceseeacnaciiin ged stat ae Gatetee edi nadae esse eeke Senge suites even eae tes Check 
Ensure strap is connected to structure. 

Sun visor and smoke goggles 0... cescesesscceseceseeeseeeseeeeeeeseeeseeens Stowed 

Oxygen and interphone ......... eee eeeeeseeeseceneeeseceseeeeeesaeeeseesaeeeseeeaes Check 
Audio selector panel — Set 


Push FLT INT transmitter selector and receiver switch, and adjust 
volume controls on receiver switch and overhead speaker. 
Position microphone selector to MASK. 


Oxygen panel — Set 


Check mask is properly stowed and NORMAL/100% switch is at 
100%. 


RESET/TEST slide lever — Push down and hold 
Observe momentary yellow cross in flow indicator. 
EMERGENCY/TEST selector — Push and hold 


While holding RESET/TEST slide lever down, push 
EMERGENCY/TEST selector and observe constant yellow cross 
in flow indicator. 


Push—To—Talk switch — I/C 


While holding RESET/TEST slide lever down and pushing the 
EMERGENCY/TEST selector, simultaneously key microphone 
and listen for oxygen flow sound through the overhead speaker. 
Then release all switches and reposition microphone selector as 
desired. 


Oxygen pressure — Check 
Verify pressure meets dispatch requirements. 


Air conditioning System ...... eee eeeeeeeeeeeees pack(s), bleeds ON 
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AIR TEMPERATURE source selector — As desired 
Trim air switch (737-400) — ON 
Temperature selectors — As desired 
RAM DOOR FULL OPEN lights — Illuminated 
RECIRCULATION FAN switch(es) - AUTO 
Air conditioning PACK switches - One AUTO or HIGH 
ISOLATION VALVE switch - AUTO 
Engine BLEED air switches - ON 
APU BLEED air switch — As required 

ON unless external air is used for start. 

Pressurization SYStEM 00.0... eee eeeeeseeseeeneecsseeseeeseecncesseesseecsaeeeseseeesaees Set 

FLIGHT ALTITUDE indicator — Cruise altitude 
LANDING ALTITUDE indicator — Destination field elevation 
CABIN RATE selector — Index 


CABIN ALTITUDE indicator — 200 feet below destination field 
elevation 


FLT/GRD switch - GRD 
Pressurization mode selector - AUTO 
AUTOMATIC FAIL light — Extinguished 
INAV SWitchl...0: ccs ceidetei deta tteed ea ein sien eeiteeeeititaiates As required 


Select FMC, ANS-L or ANS-R as appropriate for navigation system 
to be used for departure. 


Mode: control patiel.-ss2.tssecseressnpessGeieusi iessesesiapeie sweets decd weteesivasiaaceesntes Set 


When selecting a value on the MCP, ensure the corresponding display on 
the instrument panel changes, if applicable. 


COURSK(S) — Set and crosscheck 
FLIGHT DIRECTOR switches — ON 
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Position the switch for the pilot flying to ON first. 
Right flight instrument 0.00.0... eeeeseceseeeneeeseeseeceseecseeeeeeseesaeensees Set 
Note: IRS alignment must be complete. 
EFIS — Correct 
A/T, Pitch and ROLL FMA’s - Blank 
A/P STATUS FMA - FD 
Flight instrument indications are correct. 
Verify no flags displayed. 
Altimeter - Set 
MAP - Correct 
Verify no flags displayed. 
Route - Displayed, correct. 
ClOCKiiieaie esa a A last ian ee Heed Set 
GROUND PROXIMITY warning SYSTEM 
FES TS Witch iss. scisiveces oe sites nei enteral ie easti ea aecies Push momentarily 


Verify switch guards down. 


Verify proper operation of the following: 

¢ BELOW G/S and GPWS INOP lights illuminate 

¢ PULL UP and WINDSHEAR alerts illuminate 

¢ “GLIDESLOPE,” “PULL UP,” and “WINDSHEAR’” aurals sound. 


Hold the test switch at least 10 seconds to test the above indications 
and any additional GPWS aural warnings. 


Light controls '.c.vsces.sucesenivse venesdsiiaethgechige eee URS As desired 
VHF NAV -tadios'sceveoeosersatgut estesiatdosersdsseadaoad onecesents Set for departure 
ERIS control: panel ic. sia, se toca cc secalec sts eeess ep sesatesogens cceedlawtensenteens ees Set 


EHSI range selector — As desired 
EHSI mode selector — MAP 
Weather radar switch — OFF 
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Map switches — As desired 


Verify positive horizontal (fore and aft) seat lock. 
Rudder: pedals s.00: scenic. nottier enact ek eet tees Adjust 


Adjust rudder pedals to permit full rudder deflection and brake 
application. Ensure the captain holds the nose wheel steering wheel 
while moving rudder pedals. 


Takeort data ::i.i2y tes aia eit ee a eek Complete 


Complete the takeoff data to include N1, V1, VR, V2, flap setting, 
zero fuel weight, temperature, altimeter setting, gross weight, and 
stabilizer trim setting and pass the data card to the captain. 


Final Flight Deck Preparation — Captain and First Officer 


ND & TAS BUS. s5.j socesagh Socket Gechtaceeavencclvecseousnlos cleaners sneehemecatMaciabeaseabes Set 


Verify N1 cursors reflect the full rated N1 value or the derated N1 
value if a TAKEOFF DERATE is selected. Set V2 in the MCP 
IAS/Mach display and check airspeed cursors and speed tape 
indications. Set airspeed indicator markers (bugs) V1, VR, V2 + 15, 
and flaps up maneuvering speed. 


Engine start Clearance .0..... ee ee eeeeeeeceeceeeeseeceseceeeceseeaeeeaeensees Obtain 


The captain calls “BEFORE START CHECKLIST DOWN TO THE 


LINE.” 
The first officer accomplishes the BEFORE START checklist down 
to the line. 
CLEARED FOR START 
DQOPS:. ivi iceciviccecuvsescesiee lO dceseaedavinceledatedd anedivectedsecseteduesiaescwades Closed 


All exterior door annunciator lights — Extinguished 
Flight deck Windows .0.......cceseeseeseceseeseceseeeseceseeeseeeseeeseseseesseeens Locked 


Verify the lock levers are in the locked (forward) position. 
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Air conditioning PACK switches... cic eeeeeeesseceneeeeceeesaeeeseeeaeens OFF 
Start Pressure. 22 tis. tetsi daha eciceetav ene sich shes eee eadl eens PSI 


The minimum start pressure at sea level is 30 psi. Allow .5 psi 
reduction for each 1000 feet above sea level. 


ANTI-COLLISION light switch wo... eee eseeeeseeeseceeeeseeseeeeseeeaeeeaes ON 


Alerts the ground crew and tower that the flight crew is starting 
engines. 


The captain calls “BEFORE START CHECKLIST BELOW THE 
LINE.” 


The first officer completes the BEFORE START checklist. 


Engine Start Procedure 
CAPTAIN FIRST OFFICER 


Announce engine start sequence. 


Normal starting sequence is 2, 1. 
Announce “STARTING ENGINE No. 


Position ENGINE START switch to 
GRD. 


Verify increase in N2 RPM. 
Acknowledge first officer’s report. Verify increase in oil pressure by the 
time engine is stabilized at idle and 


announce “OIL PRESSURE RISING” 
when observed. 


Position engine start lever to IDLE 
detent when: 


¢ NI rotation is observed and 

¢ N2 RPM reaches 25% or 
(if 25% N2 is not achievable) 

¢ at max motoring and a 
minimum of 20% N2. 
Max motoring occurs when 
N2 acceleration is less than 
1% in approximately 5 
seconds. 
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Verify fuel flow and EGT indication. 


At 46% N2 RPM check ENGINE Verify START VALVE OPEN light 

START switch moves to OFF; if not, | extinguishes. Verify ENGINE START 

position start switch to OFF. switch moves to OFF and report 
“STARTER CUTOUT.” 


Monitor N1, N2, EGT, fuel flow and oil pressure for normal indications as the 
engine accelerates and stabilizes at idle. 


Standard day, sea level, approximate stabilized idle indications for 
CFM56-3. 


¢ NI RPM - 22% EGT — 475°C** 


* N2 RPM - 60% Fuel Flow — 326 KGPH 


** Tdle EGT may vary from 450°C — 650°C depending on OAT, bleed 
configuration, and engine condition. 


CAUTION: Normal engine start considerations: 


e Advancing engine start lever to idle prematurely can cause a “HOT” start. 


¢ Keep hand on engine start lever while observing RPM, EGT and fuel flow 
until stabilized. 


¢ If fuel is shut off inadvertently (by closing engine start lever) do not 
reopen engine start lever in an attempt to restart engine. 


¢ Failure of ENGINE START switch to hold in GRD until starter cutout 
RPM is reached can result in a “HOT” start. Do not re-engage ENGINE 
START switch until engine RPM is below 20% N2. 


Note: Accomplish the Aborted Engine Starts procedure for one or 
more of the following conditions: 


¢ NoNI rotation before the engine start lever is raised to IDLE. 
¢ No oil pressure indication by the time the engine is stabilized at idle. 


¢ No increase in EGT within 10 seconds of raising the engine start lever to 
IDLE. 


¢ No increase in, or a very slow increase in N1 or N2 after EGT indication. 
¢ EGT rapidly approaching or exceeding the start limit. 


After Start Procedure 
BLE Ctri Cals serss ceshcn cocncctie cade lt hectare tate Rican dee tee Generators ON 
Both GENERATOR switches — ON 
GEN OFF BUS lights — Extinguished 
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PITOT: HEAP switches sits. ccctsteiecetecietgsseuatesseuslgnssdevesguieesdssbivedtqeneeetes ON 
All probe heat lights — Extinguished 
PATNI T Ce: os nia vh ys eure ya cateetiaendutiven coo tune ted suas ae deSobad used dewsceades As required 
Air Conditioning SYStOM oo... lees eeseeseeeneeeneeeseeseeeeeecesesseeseseeeaeons SET 
Both pack switches - AUTO 
APU BLEED air switch — OFF 
Flight/Ground switch - FLT 


ISOLATION VALVE sWitch oe. eee eeceseceseceeeeeceseeseessaeeseeeaeenes AUTO 
APU Siete eenatial tide intel ethos As required 
Start JEVELS: ec. css ices cs cavers sdadess scedectea denctgns dou caceder tacesteeuetaceseatas IDLE detent 
Ground equipMent .0...... elec eeseceeeceeecsseceaeceseeseecsaeesaeesaeeseeeeas Removed 
Seat belts and shoulder harnesses .............::ccessceeeseeeeseeeeeneeeeeeeees Fastened 


The captain calls “AFTER START CHECKLIST.” 
The first officer accomplishes the AFTER START CHECKLIST. 


Pushback or Tow Out Procedure 


This procedure is required when the airplane is to be pushed back or towed away 
from the terminal or loading area. 


WARNING: Prior to installing the nose gear steering lockout pin, 
do not make any electrical or hydraulic power 
changes with tow bar connected. Any change to 
electrical power may cause momentary 
pressurization of the nose wheel steering actuators 
causing unwanted tow bar movement. 


Flight interphone contact with ground Crew 0.0... eeeeeeeeeeeeeee Establish 
Nose gear steering LOCKOUt PIN 0.0... eee eeeeeeeeeeteeeeceseeeeeeaeeeees Installed 
System A HYDRAULIC PUMPS switches ........ ee eeeeeeeereeeee ON/OFF 
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If the nose gear steering lockout pin is installed, pushback or tow out 
may be accomplished with system A pressurized or depressurized. 


CAUTION: If the nose gear steering lockout pin is not installed, 
system A HYDRAULIC PUMPS must be placed OFF. 


When cleared for pushback or tow out: 


BAKES ies. ca etwas acessteed. tesa aavoteccatietes ot aaeatuvssazabcooatawssbitas tenteeouues Off 


Brakesi.csscz.c:. tetas seetecbin aca der eecn te ee eee Si tte On 
Parkin Brake scieiiciecccss nes cwsecedeea iad seeelbeteess a eecieeeeheestaues Set 
Tow Dats. ctc.ccenittin edicts be eee ae Disconnected 
Clearance from ground CreW 00... cee eeeeeseeeseceseceeeseeeeseseaeeeseeeseon Clear 
Nose gear steering lOCKOUt PIN... eee eee esteeeeeeeeeseeeeeees Removed 
System A HYDRAULIC PUMPS switches 000... eeeeeeeereeeee ON 
Intérphones: cei. eins en ee es ee ee Removed 
Before Takeoff 
Recall: vs, 10. sree eieien fesse ean ineseaitn aia itk eats are tee Check 
Flisht.controls:..:i..4.2.un since noida ie Boo tee aed intense Check 


Displace rudder pedals, control wheel and control column in both 
directions. Verify full travel, freedom of movement and controls 
return to center. Hold nose wheel steering wheel during rudder check 
to prevent nose wheel movement. 


Hl aps tcescatd ese icesees tosis oe teaskatste. ahd beta bath Sones _____ Green light 
Flap position indicator and FLAP lever — Set for takeoff 
LEADING EDGE FLAPS EXTENDED green light — Illuminated 

StabWIZeL tenis 2 aisceseeeei eS eas ___units 
Verify stabilizer trim is set for takeoff. 

Cabiti dn iri ..csceseorerit ee ott iatecr odes nies Blase eens teeet nates eodetetd Lock 


Copyright © The Boeing Company. See title page for details. 


NP.20.22 D6-27370-400E-TBCE June 07, 2002 


Normal Procedures - 
QSOEING Amplified Procedures 


737 Operations Manual 
CABIN DOOR UNLOCKED light — Extinguished 
Fakeott: Drenng :1.:.0uesi. etn eiitiendasutietawionteated Review 


The pilot taxiing calls “BEFORE TAKEOFF CHECKLIST DOWN TO 
THE LINE.” 


The pilot not taxiing accomplishes the BEFORE TAKEOFF checklist 
down to the line. 


CLEARED FOR TAKEOFF 
ENGINE START switches voce ceeccccccccccceseessseeeeecessceeseuseeeenes CONT 
AUtOthrotthe sf sliecke eset oles es ae ieee sec anaes dneadecaieectes sie eeaes ARM 


When approaching the takeoff runway, arm the autothrottle. 


Transponder 220! scsceccrsecuetes an essesseteasht eeveteuieoiedestseadest teed verte teevntseovssets ON 
LANDING lights and 
STROBE light switches 0.0... cece eeseeseceseeneesseeseeeeseeeeseenees As desired 


ON unless weather conditions make it undesirable. 
FMC position update 0.0... ee eeeeseecsseeseesseecneesseeseeessaeeeneesaes As desired 
Enter runway offset on TAKEOFF REF page of FMC/CDU. 


The pilot taxiing calls “BEFORE TAKEOFF CHECKLIST BELOW 
THE LINE.” 


The pilot not taxiing completes the BEFORE TAKEOFF checklist. 
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Takeoff Procedure 
PILOT FLYING PILOT NOT FLYING 
Advance thrust levers to 
approximately 40% N1. 


Observe engine instruments stabilized and normal. 


Press either TO/GA_ switch to 
advance the thrust levers to takeoff 
Nl. 


Verify mode annunciation. 


Ensure thrust levers advance to 
takeoff Nl. Observe mode 
annunciation. 


Note: In cases of extreme 
headwind, the thrust 
levers may not advance 
to full N1. In this case, 
manually advance the 
thrust levers as required. 


thrust levers until V1. 


Note: After takeoff thrust is set, the captain’s hand must be on the 


Hold light forward pressure on the 
control column, maintain 
directional control. 


Monitor engine instruments. Verify 
oil pressure is not in the yellow 
band. 


Verify 80 knots. 


Call “80 KNOTS.” 


Verify that A/T  annunciation 
changes to THR HLD by 84 knots. 


Monitor airspeed, noting V1, and 
rotate smoothly at VR. 


Call “V1,” and call “ROTATE” at 
VR. Monitor flight instruments. 


When a positive rate of climb is 
indicated, call “GEAR UP” and 
continue rotation to takeoff pitch 
attitude. 


Verify positive rate of climb. 


Position landing gear lever UP. 


Check flight instrument indications. 
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After Takeoff Procedure 


PILOT FLYING 


PILOT NOT FLYING 


Maintain a minimum of V2 + 20 kts 
during initial climb. At light gross 
weight, a higher speed (up to V2 + 
25) may be selected, to synchronize 
F/D pitch command and avoid 
objectionable body attitude. 


Monitor engine instruments and 
cross—check flight progress. 


flaps up maneuvering speed. Verify 
flight and thrust mode 
annunciations. 


Above 400 feet, call for appropriate | Select/verify roll mode. Verify 
roll mode, if required. Verify proper | proper mode annunciation. 

mode annunciation. 

Above 1,000 feet, call for NI and|Select Ni and set flaps up 


maneuvering speed. 
Verify climb thrust is set. 


Verify proper mode annunciation. 


When above minimum altitude for 
autopilot engagement, engage A/P. 


Verify flight mode annunciation. 


Verify autopilot engaged. 


CHECKLIST” when flaps are up. 


Above 3,000 feet AGL, engage 
VNAV or select normal climb speed 
and verify annunciation. 


Retract flaps on takeoff flap) Position FLAP lever as directed and 
retraction speed schedule. monitor flaps and slats retraction. 
Call “AFTER TAKEOFF | Position landing gear lever OFF, 


APU and engine start switches as 
required. Verify air conditioning 


and _—— pressurization _— operating 
normally. Accomplish the AFTER 
TAKEOFF checklist. 


Verify proper mode annunciation. 


CAUTION: To avoid the possibility of shoulder harness buckles 
snapping back and pulling or damaging circuit 
breakers, hold both straps before releasing and then 
allow straps to retract slowly to the stowed position. 
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T/O SELECT At & below Above: Above 
FLAPS FLAPS 53,070 Kgs 53,070 Kgs | 62,823 Kgs 
up to 
62,823 Kgs 
15 5 V2+15 V2+15 V2+15 
1 170/F 180/F 190/F 
UP 190/F 200/F 210/F 
5 1 V2+15 V2+15 V2+15 
UP 190/F 200/F 210/F 
1 UP 190/F 200/F 210/F 
(737-300 
only) 


e« “F’— Minimum flap retraction speed, existing flap. 


Note: 737—400/500 are not certified for flaps 1 takeoff. 


Note: Limit bank angle to 15 degrees until reaching V2 + 15. 


NP.20.26 


Copyright © The Boeing Company. See title page for details. 


D6-27370-400E-TBCE 


June 07, 2002 


Normal Procedures - 


QSOEING Amplified Procedures 


737 Operations Manual 


Climb and Cruise Procedure 


PILOT FLYING PILOT NOT FLYING 


Position landing lights OFF passing 
through 10,000 feet. 


Set altimeters to standard at transition altitude. 


Approaching selected FMC cruise altitude, verify level off and proper 
mode/N1 limit annunciation. 


Position center tank fuel pump 
switches OFF when both pump 
LOW PRESSURE lights 
illuminate. 


During the last hour of cruise on all 
extended range (more than one hour 
from an adequate airport) flights, 
perform the Fuel Crossfeed Valve 


Check. 
Set MCP altitude selector for|Prior to top of descent, select and 
descent. verify the planned arrival procedure 
on the FMC. 


At top of descent point observe descent initiated and verify proper mode 
annunciation. 


Note: If a center tank LOW PRESSURE light(s) illuminates during 
takeoff or initial climb, the center tank pump(s) may remain on 
until the climb attitude is reduced and the light(s) extinguishes 
or workload allows for the pump(s) to be positioned OFF. 


Note: When established in a level attitude at cruise, if the center tank 
contains usable fuel and the center tank pump switches are off, 
the center tank pump switches should be positioned ON again. 
If the center tank contains more than 1000 Ibs/453 kgs, the 
center tank pump switches must be turned ON. Verify the LOW 
PRESSURE lights extinguish and position both switches OFF 
when both LOW PRESSURE lights illuminate. 
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Descent and Approach Procedure 


PILOT FLYING PILOT NOT FLYING 
Check and set VREF and approach speeds as required. 


Set anti—ice as required. 


Verify pressurization is set for 
destination airport elevation and 
system operating normally. 

Set AUTOBRAKE select switch to desired brake setting. 


Set and crosscheck altimeters at transition level. 


Set and crosscheck course selection and DH REF/radio altimeters as 
required for approach. 


Set and verify ADF and VHF NAV radios for approach. 


Position inboard landing lights ON 
passing through 10,000 feet. 


Call “DESCENT-APPROACH | Accomplish the DESCENT —- 


CHECKLIST.” APPROACH checklist. 
Announce “FLAPS __” according | Position FLAP lever as directed and 
to flap speed schedule. monitor flap and slat extension. 


Accomplish standard callouts. 


Approaching selected FMC altitude verify level off and mode 
annunciation. 


Approach Procedure 
Using flaps as speedbrakes is not recommended. 
The following procedures are used for flap extension: 


¢ Select flaps 1 when decelerating through the flaps—up maneuvering 
speed, displayed on the speed tape as a green “0.” 


¢ When appropriate, select the next flap position and then set the 
airspeed cursor to that flap maneuver speed. 


Note: Flap maneuver speeds provide approximately 15 to 20 knots 
above the minimum maneuvering speed for each flap setting. 


Note: If performance requires use of flaps 15 for landing, place the 
GROUND PROXIMITY flap inhibit switch to FLAP INHIBIT. 
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If the flap maneuvering speeds cannot be displayed, reference the Performance 
In-flight section for speed schedules. 


When on final approach in landing configuration, it is not recommended to set the 
A/T command speed to allow for wind or gust corrections. Through airspeed and 
acceleration sensing, the A/T corrects for normal wind gusts. Higher command 
speed settings result in excessive approach speeds. The recommended A/T 
approach speed setting is VREF + 5. 


FLAP MANEUVERING SCHEDULE 
FLAP AT & BELOW} ABOVE ABOVE 
POSITION 117,000 LBS/117,000 LBS/138,500 LBS 
(53,070 KGS) |(53,070 KGS) | (62,823 KGS) 
UP TO (138,500 
LBS (62,823 
KGS) 
FLAPS UP 210 220 230 
FLAPS 1 190 200 210 
FLAPS 5 180 190 200 
FLAPS 10 170 180 190 
FLAPS 15 150 160 170 
FLAPS 25 140 150 160 
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Landing Procedure 
PILOT FLYING PILOT NOT FLYING 
When on_localizer intercept|Set transponder mode selector to 


heading, verify ILS tuned and 
identified, LOC and G/S pointer 
displayed, arm APP mode and 
engage the second autopilot. 


desired TCAS mode. 
equipped airplanes.) 


(TCAS 


Verify mode annunciation. 


At localizer capture, verify proper 
mode annunciation and __ set 
appropriate heading. 


Verify proper mode annunciation. 


At glide slope “alive,” announce 
“GEAR DOWN,” “FLAPS 15." 
Arm the speed brakes and check 
green light illuminated. Call 
“LANDING CHECKLIST DOWN 
TO FLAPS.” 


Position landing gear lever DN, and 
FLAP lever to the 15 detent. 
Position engine start switch to 
CONT. Check RECALL. 


Accomplish the LANDING 
checklist down to flaps. State 
“HOLDING AT FLAPS.” 


At glide slope capture, verify proper 


mode annunciation, check N1 cursor 


at the go—around limit and set missed approach altitude. 


Call “FLAPS __” as required for 
landing. Set MCP speed selector at 
VREF + 5 kts. 


Position FLAP lever as directed. 


Call “COMPLETE 
LANDING CHECKLIST.” 


THE 


At final approach fix/OM, verify crossing altitude. 


Complete the LANDING checklist. 


Monitor approach progress and guard the controls. 
At 500 feet AGL, verify FLARE is armed. 
At approximately 50 feet AGL, verify FLARE is engaged. 


Ensure the autothrottle retards the thrust levers to idle by touchdown. 
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Go-—Around Procedure 
PILOT FLYING PILOT NOT FLYING 
Push TO/GA switch. Monitor N1 indication. Position 


Call “FLAPS 15.” 


If full GA thrust is required, push 
TO/GA switch again after reduced 
GA thrust is established. 


FLAP lever to 15 and monitor flap 
retraction. 


Confirm rotation to go—around 
attitude and monitor autopilot. 


Verify mode annunciation. 


When positive rate of climb is 
indicated, call “GEAR UP” and 
monitor acceleration. 


Verify positive rate of climb. 


Position landing gear lever UP. 


Check flight instrument indications (MCP speed window blanks.) 


Call “TUNE RADIOS FOR 
MISSED APPROACH.” 


Tune radios as directed. 


Above 400 feet, select appropriate 
roll mode and verify proper mode 
annunciation. 


Observe mode annunciation. 


Retract 
schedule. 


flaps on flap speed 


Position FLAP lever as directed and 
monitor flaps and slats retraction. 


maneuvering speed. 


Verify airplane levels off at selected altitude and maintains flap 


Call “AFTER TAKEOFF Accomplish the AFTER 
CHECKLIST.” TAKEOFF checklist. 
Copyright © The Boeing Company. See title page for details. 
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Landing Roll Procedure 


PILOT FLYING 


PILOT NOT FLYING 


Ensure thrust levers at idle. 


Disengage autopilot and control 
airplane manually. 


Verify autothrottle 
automatically. 


disengages 


Verify autothrottle is disengaged. 


Verify SPEED BRAKE 
(ground spoilers) - UP. 


lever 


Verify SPEED BRAKE lever UP. 
Call out “SPEEDBRAKES UP.” 


If SPEED BRAKE lever is not UP, 
call “SPPEDBRAKES NOT UP.” 


Verify proper autobrake operation. 


Without delay, raise reverse thrust 
levers to the interlocks, hold light 
pressure until release, and then 
apply reverse thrust as required. 


Monitor engine instruments and 
announce any engine limit being 
approached, exceeded or any other 
abnormalities. 


At 60 knots, reduce reverse thrust to 
be at IDLE reverse when reaching 
taxi speed. 


Call “60 KNOTS.” 


Approaching taxi speed, slowly 
move the reverse thrust levers to the 
full down position. 


Verify REVERSER UNLOCKED 
lights extinguished. 


Prior to taxi speed, disarm the 
autobrake and continue manual 
braking as required. 


WARNING: After reverse thrust has been initiated, a full stop 
landing must be made. 


Taxi In Procedure 


When clear of the active runway, the pilot taxiing positions the speed brake lever 
to the DOWN detent and the pilot not taxiing accomplishes the following: 


SPEED BRAKE lever .................00. 
FLAP lever .............cccecccceeceseessseeees 


Verify DOWN 


Copyright © The Boeing Company. See title page for details. 


NP.20.32 


D6-27370-400E-TBCE 


June 07, 2002 


i SOEING Amplified Procedures 
737 Operations Manual 

APU GE TEQUITED) Rasicetetti cael laniets acs talatedehsatecteysgeeetsratetesloaaetesans START 
PITOT STATIC HEAT switche .00......eecceeecceececeeneeeeteeeeneeeeneeeeneeeees OFF 
FET/GRD'SWitel.cic sad ceccesecasentased couscsncuvedas does ed cubed dda delacengestdensiateiees GRD 
ENGINE START switches ........ceceeccceceeceesececeneeeeneeeeaeecesaecesaeeseeeenes OFF 
LANDING/TAXI] light 

and STROBE light switches (as installed) .0..... ee eeeeeeeeeeeeee As desired 
FLIGHT DIRECTOR switches 2000... eeeeeeeseeecsceceeeeseeesseeeeeseeeaeeees OFF 
WEATHER RADAR ...0....eecceccccestcesseeeeeneeesaeeeseecssaeenneeeeaeensaeeseaeensas OFF 
"Transponder seis 2:55: sscessserton cts reste ea ee lee ned eet neve cece As desired 
APU GENERATOR switches (if APU operating) ...... eee eeeeeeee ON 


CAUTION: To avoid the possibility of shoulder harness buckles 
snapping back and pulling or damaging circuit 
breakers, hold both straps before releasing and then 
allow straps to retract slowly to the stowed position. 


Shutdown Procedure 


After the airplane has come to a complete stop, perform the following actions. 
Parking: brakes: 2s, 4cc2es01 coh siteen teas ttongtin, wi esis it oe Set 
Parking brake warning light —Illuminated 
Electrical cs: srsasugeie elie te ee tush Beenie abe ON 


Verify APU powering busses. If APU is not to be used, connect 
external power. 


Startle VES i fot cas ehiredeeseclane see sa se ER GA aca e's CUTOFF 


If possible, operate the engines at idle for three minutes prior to 
shutdown to thermally stabilize the engine hot sections. Operating 
times at or near idle, such as taxiing before shutdown, are applicable 
to this three—minute period. If operational requirements dictate, the 
engines may be shut down with a one-minute cooling period. 


FASTEN: BELTS: SWitCh). 2sccscs20ec.scdeecohecetseei there ced. evedeodhov deeded teethes OFF 
ANTI-COLLISION light switch ..... eee ee eeeeseecseeseeeseeeeesseeeaeeens OFF 
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FUEL PUMP Switches ...........cccccccccsssssecessstecessstecscnsnsecessseesessensceseanes OFF 


CAUTION: Do not operate the center tank fuel pumps with the 
flight deck unattended. 


GALLEY power SWitch oe. eeeceseeseeceecneeseseeeseeeseeeereeaes As required 
WINDOW HEAT switches 0.0.0... cee eeeeeseeseceteceneceseeeseeesecsaeeeaeesneesaes OFF 
WING and ENGINE ANTI-ICE switches oe... eeeeeeeeseeereeseeeeees OFF 
ELECTRIC HYDRAULIC PUMP switches .0.... eee eeeeeeeeeeneeeeee OFF 
RECIRCULATION FAN switch(es) .........cccccccsscseesssteeeesteeees As desired 
Air conditioning PACK switches .0...... es eeeceseeseeseeeneeeeeeeees One AUTO 
Engine BLEED air Switches .00..... cc ceseesceeecceseeeeceeeeesceseeeenseseaeeeneesnes ON 
APU BLEED: airs witch 3.2.2. ccseesech eee Soeur setoues Sonntentedes ed henee Letaete lanes ON 
Exterior lghts3y.-.sc:2 outs tera acest en at eee cee eee As required 
AUTO BRAKE select SWitch oo... cei eeeeseceneceeceeesseeesseeseeesneeeeesees OFF 
Flight Déck lghts:':. eta cise aneuniinenias caieen ene dats As desired 
SPEEDBRAKE leVet.eis.i2c5 cis. .cuvetisien Se aa DOWN detent 
Parking Drake sii. cisdessteedebeal cn chpieceente cantons couvedbss decdeh nuleahivetes As required 


With chocks in place, the parking brake may be released. 


WEATHER RADAR (se:) :sioehs Sided sieeviostadd a ovmdadeestitdeteets seen pisdieeds OFF 
Transponder sat..i ads suinlnen ew inianitina data As required 
Cabinid00r ins: tie chnhinieetdn en heeds Unlocked 


The captain calls “SHUTDOWN CHECKLIST.” 
The first officer accomplishes the SHUTDOWN CHECKLIST. 


Secure 
IRS:mode'selectors::is.tsetecisheecetateenieenin stein Rae enerse OFF 
EMERGENCY EXIT lights switch 0... ee eeeeeeeeeseecseeeneeeseeeseeesees OFF 
Air conditioning PACK switches ..0.... ce ceeeeseesccesecesceceeeeneesseeeeeeees OFF 
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If APU was operating: 


It is recommended that the APU be operated for one full minute with no 
pneumatic load prior to shutdown. 


APU switch/GROUND POWER switch uo....c ccc eeecccccceccccsseseeeeeeeeees OFF 


Delay approximately 20 seconds after APU shutdown for the APU door 
to close to assure the APU will start on the next flight. 


BATTERY Swit ©. .:.c0, 2scc2.teedegetinc Sicbe thine Ae aha et OFF 
The captain calls “SECURE CHECKLIST.” 
The first officer accomplishes the SECURE CHECKLIST. 
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Blank 
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Flaps up 
¢ Maintain flaps up maneuvering speed 
or select LVL CHG (1 engine) 
¢ Maintain flaps up maneuvering speed (2 engine) 
¢ Set max continuous thrust (1 engine) 


¢ Non—Normal checklist (if required) 
¢ After takeoff checklist 


¢ Takeoff thrust by 60 knots At 400 feet AGL 3000 feet 
¢ Select roll mode * One or 2 engine 
climb speed 
¢ VNAV engaged 
(as required) 


V1 
° ae 


Rasa 


Acceleration height 
flap retraction altitude 
(normally 1000 ft.) 


¢ Set/verify climb thrust (2 engine) 


Thrust set Positive rate of climb 
¢ Manually advance ¢ Gear up 

thrust to stabilize 
¢ Press TO/GA ¢ V2 to V2+20 knots (1 engine) * Retract flaps on schedule 


* V2+15 to 25 knots (2 engine) * Select flaps up maneuvering speed 
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Approaching intercept heading 
¢ Flaps 5 


Localizer capture 


¢ Final approach 
course heading 


Intercept Heading 


¢ Select APP 
¢ Second A/P CMD 
(Dual channel) 


Note: Dual channel 
available during 2 
engine approach only. 


a A Glideslope intercept 
¢ Landing flaps (2 engine) 


On RADAR vectors 
¢ HDG SEL 


¢ VNAV or appropriate pitch mode 


Missed approach 
¢ Push TO/GA switch 
¢ Go-around thrust 
¢ Go-around attitude 
¢ Flaps 15 (flaps 1, 


¢ Set missed approach altitude 


| ¢ Complete landing checklist 
(2 engine) 


;—~ 1 engine) 
ia 500 Feet ¢ Positive rate of climb, 
¢ Check FLARE armed gear up 
(Dual channel) * Retract flaps on 
schedule 


Fix x 


¢ After Takeoff checklist 


(LOM, MKR, DME) AD 
: 50 Feet 
__ Glideslope alive — 2 Diveneise AIP 
* Gear down (Single channel) 
¢ Flaps 15 (final flap for 1 engine) 
¢ Arm speedbrake as ee Touchdown 
¢ Landing checklist ¢ Disengage A/P 
(to flaps for 2 engine) (Dual channel) 
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Note: FMC U7.1 or later. 


wos On RADAR vectors 


ee ¢ HDG SEL 
oA iate pitch mod 
Approaching intercept heading ae Catia Sneha 


¢ Flaps 5 re _<———Fnroute to fix 
Ma ¢ Flaps | ¢ LNAV or appropriate roll mode 
* Flaps 5 ¢ VNAV or appropriate pitch mode 
Missed approach 


ee Tae 
l \ ee Descend to MDA/DA * Push TO/GA switch 


¢ Monitor VNAV path ¢ Flaps 15 (flaps 1, 1 engine) 


Kw ¢ Landing checklist * Go-—around attitude 
¢ Go-—around thrust 
* Positive rate of climb, gear up 
a ¢ Set missed approach altitude 
¢ Above 400 feet select roll mode 


Intercept Heading ie 


e Arm LNAV or 


: ¢ At flap retraction altitude, set 
appropriate roll mode FAF 


speed for desired flap setting 
¢ Retract flaps on schedule 


Inbound (1.5 NM) * After flap retraction, select LVL 
¢ Gear down CHG or VNAV as required 
* Flaps 15 (landing flaps 1 engine) eee ¢ Select CLB/CON thrust 
« Arm speedbrake rs ¢ Verify tracking route and 
¢ Set MDA/DA At MDA/DA altitude capture 
¢ Select VNAV + Intercept landing profile ¢ After Takeoff checklist 


WN 
and disengage autopilot ee ee 


and autothrottle 


¢ Landing flaps (2 engine) 
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Approaching intercept heading 
¢ Flaps 5 


On RADAR vectors 


ae 


wee 
¢ Flaps 1 


¢ Flaps 5 
mano Descend to MDA 
(VL ° Set V/S 
a ¢ Landing checklist 
fal 
Intercept Heading MS Approaching MDA 


¢ Arm LNAV or 
appropriate roll mode 


Inbound (1.5 NM) 
¢ Gear down 
¢ Flaps 15 
(landing flaps 1 engine) 
¢ Arm speedbrake 
¢ Set MDA 
¢ Landing flaps 
(2 engine) 


¢ Set missed approac. 
altitude in MCP 


AtMDA 


¢ Intercept landing an 
and disengage autopilot 
and autothrottle 


¢ HDG SEL 
¢ Appropriate pitch mode 


Enroute to fix 
¢ LNAV or appropriate roll mode 
¢ VNAV or appropriate pitch mode 


Missed approach 
¢ Push TO/GA switch 
¢ Flaps 15 (flaps 1, 1 engine) 
* Go-around attitude 
¢ Go-around thrust 
* Positive rate of climb, gear up 


¢ Above 400 feet select roll 
mode 


¢ At flap retraction altitude, set 
speed for desired flap setting 

¢ Retract flaps on schedule 

¢ After flap retraction, select 
LVL CHG or VNAV as 
required 

* Select CLB/CON thrust 
ee tracking route and 
altitude capture 

a After Takeoff checklist 
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Configuration at MDA 
-— Turning Base ¢ Gear down 
¢ Gear down (1 engine) ¢ Gear up (1 engine) 
¢ Landing flaps ¢ Flaps 15 
(if not previously selected) * Flaps 10 (1 engine) MCP Altitude / MDA 
¢ Landing checklist « Arm speedbrake ¢ Select ALT HOLD 
(if required) 
= ¢ Set missed approach altitude 
po i * Select HDG SEL 


Ye = 


Missed approach 


¢ Make a climbing turn in the 
shortest direction toward the 
landing runway 


Intercepting Landing Profile ¢ Execute the missed approach 


¢ Disengage autopilot and 


autothrottle FE 
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Entering downwind 


Prior to turning base 
; as ¢ Flaps 5 


¢ Gear down 
¢ Flaps 15 (landing flaps 
for 1 engine) 
¢ Arm speedbrake ‘ we 


¢ Start descent as required 


Go-around 
¢ Push TO/GA switch 
¢ Go-around thrust 
¢ Go-around attitude 
¢ Flaps 15 (flaps 1 
for 1 engine 


¢ Landing a 


(2 engine) 
2 -21/2 NM ee 


¢ Landing checklist 


¢ Positive rate of climb 
700 - 500 FT 2NM gear up 
* Stabilized (SE * Retract flaps on schedule 
on profile ¢ After Takeoff checklist 
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No Engine Bleed Takeoff and Landing.................... SP.2.8 
AK COM; igre do ssaionte aiaitnny aig ota Stine ge eteatee itettok degunte Soe SP.2.8 
After Takeoff .. 0.0.0... cece eee ee eee SP.2.9 
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Window Heat System Tests................. 00000002 SP.3.1 
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Instrument Approach using VNAV................00 000 SP.4.4 
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Circling Approach... 0... 0.0... cece ee eee SP.4.7 
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Aircraft Communication Addressing and Reporting 


System (ACARS).... 0.0.0.0. cece ene SP.5.1 
Pre-Departure Clearance ........... 0.0... ee eee ee eee SP.5.1 
Digital-Automatic Information Service................. SP.5.1 
Oceanic Clearances ...... 0.0.0... eee eee eee eee SP.5.1 

Cockpit Voice Recorder Test........... 0.0.0.0. 00 0000 SP.5.1 
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Introduction Section 05 


General 


This section contains procedures (adverse weather operation, engine crossbleed 
start, and so on) that are accomplished as required rather than routinely performed 
on each flight. 


Supplementary procedures may be required because of adverse weather, 
unscheduled maintenance or as a result of a procedure referenced in a 
Non-—Normal Checklist. Additionally, some may be performed if the flight crew 
must accomplish preflight actions normally performed by maintenance personnel. 


At the discretion of the captain, procedures may be performed by recall, by 
reviewing the procedure prior to accomplishment, or by reference to the procedure 
during its accomplishment. 


Supplementary procedures are provided by section. Section titles correspond to 
the respective chapter title for the system being addressed except for the adverse 
weather section. 
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Airplane General, Emergency Equipment, 
Doors, Windows Section 1 


Interior Inspection 


Emergency exit LIGhts ccc. cccccsesctecaneceseues cosntesvaccsenedortebevcnedvntesess Check 
PASSENBE SIONS a2, v.35 2cese sachet ceedadetees Gade seueeoletees ee ale Check 
Service and: Entry. COTS \isicsieeckeeseesieeds eleescas eas viagszehsascderwbpeteeedeatees Check 
ESCApC SIIAOS ir. te cise. nrctises cutianericegeet tiiaegel heeeeeesatenek teases Check pressure 
EEMETSCniCY’ CXS .c.3sesccdec seestes eapaan aatearentinceres dean ter meceevs teens siaete Check 
Wing Upper SUIfACES oe. eeeceesceeeteeceeeeeeeaeecsaeeceeeseeeeeseceeeeesaes Check 
Lavatory fire extinguishers ............ccccccescceescecesceceeteceeaeeseeeeeesaeensees Check 
Emergency equipment ...........cceecceeescecescecesececeaeeeeeeeeeecesaeeesaeersaes Check 


Check availability and condition of emergency equipment, as 
required. 


Water System Draining 


In the event the passenger water system becomes contaminated, or the 
airplane is to be parked in freezing temperatures for an extended 
period, it may be necessary to completely drain the system to prevent 
damage to the water lines or other equipment. 


The system may be drained either by pressure or by gravity. 


Pressure Draining: 


APU DICE S WILCh oie 4 cchoics, Soca csvebsnun'devans's lovaseds Seaansdeeanuddcees ues taes vanes ON 


This will pressurize the water tank. If the APU is not usable, an external 
pneumatic cart may be used by positioning the Isolation Valve switch 
OPEN. The tank may also be pressurized through a valve on the 
external servicing panel. 


Water Heaters cr ccecciiccdicisice i eccekes cecsted vadeacs uctouveesdvudeseievdcassvedynceyn OFF 


CAUTION: Failure to do this could cause damage to the 
heaters when the water is drained. 
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Tank: tain Val v.esisa: cessed eaetasahebacetaeiteaiasceva lasadetalacaved lecsasteannees OPEN 
Shutoff/Drain valves ........c:ccccccesescecesceceseeeneeeeeaecesneeeeneecetaeenses DRAIN 


When water stops flowing from outlets: 
Tank: Drain: Val Veiicicrisc cores cerndcousneedetee ieees dedeccbevadss oat eveuneens CLOSE 
Shutoff/Drain valves .........ceeceeeeesceseceseceseeeseeeeesseeeteeeneeeaeeesees ON 


Allow 2 minutes for the pressure to stabilize. To exhaust residual 
water, turn each shutoff/drain valve to DRAIN and then ON. Open 
each water faucet, galley water drain shutoff valve and coffee 
maker drain for 2 minutes, and then close. Depressurize the water 
tank by deactivating the air pressure source. 


Gravity Draining: 


Water -Hedters: <s.3.ci4, cic vl ativiadina cin inl ann naiiieiead OFF 
Fill and Overflow Valve .......cccceescceesccceseecseeeeeeeeeesaeecsaeeeeneeeeaees OPEN 
Fank Dram Val Ve: iesezsecesse ccth casedcidateciveseencibeusaedinabes cdi sve jot heteetieds OPEN 
Shutoff/Drain valves ........::ccccccssscecesceceseceseeceeecesneeeeaeesetaeeeees DRAIN 


When water stops flowing from outlets: 


Fill and Overflow valve wo.ccccccccccceecccceccecccsssssseeeeeesesceseaees CLOSE 
‘Tank: Drain: Valve i: scndecopssids secede ko eeli Aenieeeaee CLOSE 
Shutoff/Drain valve .......ccccccccccccccccessessecececcccccessssseesceccecsseesaaes ON 


Open each lavatory faucet and galley outlet to drain residual water. 


Forward Airstair Operation 


CAUTION: Do not move airplane with stair extended. 


CAUTION: Operation of airstair in winds exceeding 40 knots is 
not recommended. 


Interior Control 


WARNING: Open entry door to cocked position to allow clear 
visibility of area outside airplane to prevent injury to 
personnel. Do not open door beyond cocked position 
while operating airstair. 
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To Extend: 
Forward Entry Door ....... cee ceeeeeeeeseeeeeeeeees Open to Cocked Position 


When operating the airstair from the interior control panel, the forward 
entry door must be open to the cocked position. Safety circuits prevent 
airstair operation if the entry door is closed. 


Control Switch xcesa ne ssaeres eck aes ie ec AAS. EXTEND 


Note: For interior standby operation, the battery switch must be 
ON. 


Hold until extension is complete. 


The STAIRS OPERATING light illuminates during extension 
until the airstair is fully extended. 


Note: The STAIRS OPERATING light will not illuminate with 
loss of AC power. 


Control SWitchie.c.ccciieieckeeiaints hla bsciokdevelecs cele eae Release 


Handrail Extensions 000.0... eeceeeeeseceeceneceseeseeeseeeseeceaeesseseaeones Engage 


Release latch and pull inboard and up, extend and engage on supports 
at sides of forward entry doorway. 


To Retract: 


Handrail Extensions 000.0... cee eeeeeseceseceneceneceeeeseeeaeeeaeenaeees Disengage 


Disengage from door supports, depress latch at base of forward 
extension to permit retraction within upper segment of handrail. Slide 
right and left extensions down along upper rails. Stowing in 
appropriate stowage points provides circuit continuity for energizing 
retract relay. 


CAUTION: Use of the standby control switch bypasses all 
safety circuits. Airstair handrail extensions must 
be stowed or substantial damage could result. 


Control SwitCh sien sy.cse.seceuenine acesiesemied teen ct asereagetenn’ RETRACT 
Hold until retraction is complete. 


The STAIRS OPERATING light illuminates during retraction until the 
airstair door is fully closed. 


Note: The STAIRS OPERATING light will not illuminate with 
loss of AC power. 
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Control Swit ic scratieoedpedidnetetadadicas edeavas dcosbaseceeos woduswerssabedbaians Release 


Exterior Control 
To Extend: 
Control Handle wo... eeeeeeeececeees Push Button to Extend Handle 


Control Handle... eee eeceeeceseceeeeeeeeesesseeeeaeeeneees Rotate to Extend 
Hold control handle in position until entire extension cycle is complete. 


Control Handle oss. sic.ccoc Seedeutie ar lassi tiseliaedsclecess sbieuteSoiden. Soecek Release 


Hand tail Extensions: s.:.scs:ccss:scectsen ci secestecsivectceseceegecsooddcetoaesses Engage 


Release latch and pull inboard and up, extend and engage on supports 
at sides of forward entry door. 


To Retract: 


Handrail Extensions ......... ce eeeeesecsseceseceeeeeseeeseceseesaeeeneeens Disengage 
Disengage from door supports, depress latch at base of forward 
extension to permit retraction within upper segment of handrail. Slide 
right and left extensions down along upper rails. Stowing in 


appropriate stowage points provides circuit continuity for energizing 
retract relay. 


CAUTION: Use of the standby control switch bypasses all 
safety circuits. Airstair handrail extensions must 
be stowed or substantial damage could result. 


Control Handle veccis..icscdect coches besceds Sider peels Rec chh Rotate to Retract 


When airstair is retracted and airstair door is fully closed, release 
and stow handle. 
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Air Systems Section 2 
Wing-Body Overheat Test 


Wing—body OVHT TEST switch oo... ee eeeeseecneeeseeeeeeeneeeseeenees Push 


Hold for a minimum of 5 seconds. 
Both WING-BODY OVERHEAT lights — illuminated 
MASTER CAUTION - illuminated 
AIR COND system annunciator — illuminated 
Wing—body OVHT TEST switch oo... eee eeeeseseeseeseeeeseeeeneeees Release 
Both WING-BODY OVERHEAT lights — extinguished 
MASTER CAUTION lights — extinguished 


AIR COND system annunciator — extinguished 


External Air Cart Use 


CAUTION: The BAT switch should always be on when using the 
airplane air conditioning system since the protective 
circuits are DC. This ensures protection in the event 
of loss of AC power. 


Note: For engine start with a ground air source, see section SP. 7. 


APU BLEED alir SWith 200... eee ecceecceecceeecenecesneeteneenersceretenseoneteones OFF 
ISOLATION VALVE switch oo... cececeeseseesccecceceeeeeeeeceeseeeeeeneeneeaes OPEN 
RECIRC FAN Switch(es) .0........ccccccccccccccssssscceccceeesssseeeeeceeessseeeeeess AUTO 
PACK. SWitCh(€S) scsccccseeent Siatethtew ein ele aH AUTO or HIGH 


The operation of two packs from one air source is permitted provided the 
external air cart can maintain 20 psi minimum with both packs operating. 


(737-400) Trim air SWItCH oo... ccccccccccccccessssceeeccceseesssseecceeseessseeeees ON 

Cabin temperature Selectors ...........ceecceesseceeseeeeeeeeececeeeeeeseeeeeneeeees AUTO 
Set for desired temperature. 

DUCt Pressure: ..cieiidetensdieties cose ansaid eotess 20 psi min. 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE SP.2.1 


Supplementary Procedures - 


Av eyaene QSOEING 


737 Operations Manual 
If external air cannot hold 20 psi minimum and the APU is operating: 
TSOLATION VALVE switch ......cceecececceesceceseceeneeeeneeeeeeeaees AUTO 
APU BLEED air SWitch oe elec eeeeceseceeeeseeeeseceneeeseeseeseaeeneesseeens ON 
APU supplies left pack and external air source supplies right pack. 


Ground Air Conditioning Cart Use 


Before connecting ground air conditioning cart: 


PACKS WHICH S 53 oc ce sodta co due bads ead goatee A ckaaio ca Sonne ace ce ade cocecessceeeseaas OFF 


Allows cart to operate at maximum efficiency. 
After disconnecting ground air conditioning cart: 


PACKS witches i:cis..3 scssrsos scence tecesdaescoheetedea covtisdcveeeaesbebene As required 


Using the APU for Heating (on the ground/engines shut down) 
Under extremely cold conditions, both packs may be used for more rapid heating. 


ISOLATION VALVE SWitch ooo... cece eeeesceeseceseeeseeeseeceeseseeeseeeaees OPEN 


During right pack operation only, under cold conditions, if the left 
PACK TRIP OFF light illuminates, position the recirculation fan OFF 
until the cabin temperature stabilizes. 


Isolated Pack Operation during Engine Start 
To improve cabin air quality between starting the first and second engine: 


CAUTION: Moving engine BLEED air switches while a starter is 
engaged can damage the starter. 


Engine: NOs.2)s srcseu tea etiecdeet eee Mave ide dee edict eda oes det se Start 


After engine No. 2 stabilized: 


ISOLATION VALVE sWitch oo... cece ceeeeseeeseeeseeeeseseeeneeenes CLOSE 
Right PACK SWitch 200.0... esceseesecceseeeseeonetsoneeoeeenseonseeoetesneoesees AUTO 
DUCE PLeSSUNC a, csi cditeceuse ries ccguciessetdduesests cnseticesoesaisteedus teens Stabilized 
Engine NO | isscdoretens visersens Ses vstd be wsats Goes eileweede se desenssseeaaeg Sanden Sead tetee Start 
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After engine No. 1 stabilized: 
ISOLATION VALVE sWitch oe eeeeeseeseeeeeeeeeceeeeeeeeeesseees AUTO 


Auto Trip and Standby Check 


Pack:SWitcheS):..sacrsascierecisantintetes eer eee Re Ne a OFF 
Pressurization Mode selector ..........ccccceesceeeeeeceseeceseeeesneeeeeeeeeeeeeaes AUTO 
FET /GND SWIGhih cc. 3. 2e cies Siecle uhipeat ised eedteteei an vee tadahedetbebat et sielda desis GRD 
Cabin Altitude indicator ..........eeceeeeeeeeee 500 feet above field elevation 
Captain and First Officer 

CEVA 0 od fo) Us Se oI DOR Set 
Cabin: Rate:selectoris. ies: ccciescaccccesevidencvens cs suote cas een dasavantaceunrostccssosteoves Index 


Verify pressurization mode lights extinguish and the Outflow Valve 
Position indicator is at OPEN. 


FEET/GND SWiteh oss. 5c tse cacetey ce chelanetiea ten cdeieod saiaedcaetentstoesssszeemioaniestns FLT 
Verify Outflow Valve Position indicator moves toward CLOSE. 


Pressurization Mode Selector w........ ce eeeeeeecccccccesseeseeeseeccccseesseeeeecess Check 


Verify the AUTO FAIL and STANDBY lights illuminated and the Outflow 
Valve Position indicator moves toward OPEN. 


Cabin Altitude indicator ..........eeeeeeeeeee 500 feet below field elevation 
Verify the Outflow Valve Position indicator moves toward CLOSE. 
FLT/GND SWitehierscca csi eed arse git ceuteaensanchee eae ah ae ees GRD 


Verify the AUTO FAIL and STANDBY lights extinguished and the 
Outflow Valve Position indicator moves toward OPEN. 


FLI/GND switch 23... J2ca nce cet ats is Shs ates ee FLT 
Verify Outflow Valve Position indicator moves toward CLOSE. 


Auto Trip and Manual Check 


Note: This test must be performed immediately after the Auto Trip 
and Standby Check to test excessive pressurization rates. If the 
initial CHECK input has cleared (approximately 30 seconds) 
the AUTO FAIL and STANDBY lights do not illuminate. 


PackSWitChes ifs cites ects cen eecl le sobes latent sleek aes ee ees eee OFF 
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Pressurization mode Selector ............cccccccceesssecceeceeesssneees 


AUTO FAIL light — illuminated 
STANDBY light - illuminated 


Pressurization mode Selector ...........cccccceeeeeeeeecesccesseeeeees 


AUTO FAIL light - extinguished 
STANDBY light - extinguished 
MANUAL light - illuminated 


Outflow valve SWitch woo... eeeccccccccccssssssseeceecccssesseeenees 


Verify Valve Position indicator moves toward OPEN. 


Outflow valve SWitCh oo... eee cece eeeeeteeeeeecneeeeeeseeeeneees 
Verify Valve Position indicator moves toward CLOSE. 


Pressurization Mode selector ............ccccccecssesseeeeeccceseeeees 


MANUAL light - illuminated 


Outflow valve SWitch woo... eeccccccccccsesesseeeseesesecesseeenees 


Verify Valve Position indicator moves toward OPEN. 


Outflow valve SWitCh oo... eee eee eeeeeseeeteeeeeecneeteeeseeeeneees 
Verify Valve Position indicator moves toward CLOSE. 


FPET/GRDiSWitCh wiseetiettectiee tae es ele een aes 


Pressurization mode Selector ..........ccccc ccc ceeseeseeeeeccceeseseeee 


Verify Valve Position indicator moves toward OPEN. 


MANUAL light - extinguished 


Standby Mode Operation 


Before start: 


Pressurization mode selector .......... ccc eeeeeseeececcceeseeeeee 


Standby light - illuminated 


Cabin Altitude indicator... ccceeeeceeececcesseeeeeee 


CAB ALT - takeoff field elevation minus 200 feet 
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Cabin Rate Selector ...........ccccccccccccccsssssnccccseceesesssecsecceeesssaeeeeeeeess Index 
PET/GND  SWIt liz cassecceive ces syaeis tise Seteess0 8h ceaeeentteaeh pended GRD 
Verify the Outflow Valve Position indicator is full OPEN. 
After Start: 
Air Conditioning Pack SWitches .0...... es ceeeesceseeeseceseeeseeeeeesees AUTO 
BET/GRD: SWitelia ieisieiieseiscsaSeaiaaeh laces oiste dar stsous eter sbhecteateanteasenss FLT 
After takeoff: 
Cabin Altitude indicator ..........c.ccccccesssscccceesssssssceccceeessssseeeeeeeeeeees Set 


Check the placard below the pressurization module for the cabin 
altitude corresponding to the planned flight altitude. Reset CAB ALT 
to this altitude. 


Cabin: Rate Selector .t: csi sesccutesidcestedseesiny sasenegetetencaeantbbaaxsetenestet Adjust 
Maintain normal proportional climb rate. 
Cruise: 
Cabin Altitude indicator ..........ccecccecesecesseeceneceeneeeeeeceseeeenaeeeeeeees Reset 


Reset CAB ALT using the placard for flight altitude changes greater 
than 1000 feet. 


Before descent: 
Cabin Altitude indicator .........ccceeccecescceseccessceeeseeeeeeeeeeeeesaeeeeaeeeeaees Set 
CAB ALT - landing field elevation minus 200 feet 
Descent: 


Cabin Rate selector... eeeeecsssecseceecseeseecseeseeceseeneeeseeesaees Adjust 
Maintain normal proportional descent rate (300-500 fpm.) 


After landing: 
FLI/GND swatch, s:./:., 25 cases ast et Reishee eet GRD 


Manual Mode Operation 


CAUTION: Switch actuation to the manual mode causes an 
immediate response by the outflow valve. Full range 
of motion of the outflow valve can take up to 20 
seconds. 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE SP.2.5 


Supplementary Procedures - BOEING 
Air Systems Q- 
737 Operations Manual 
Pressurization mode Selector .............cccccccsesssccccceesessseceeeceeseesssseeeeees MAN 


MANUAL light — illuminated 
CABIN/FLIGHT ALTITUDE placard .00... eee eeeeseeeeeeneeeeeees Check 


Determine the desired cabin altitude. 
If a higher cabin altitude is desired: 


Outflow valve switch (momentarily) 00.0... cecceeseeceseeeeteeeteees OPEN 


Verify the outflow valve position indicator moves right, cabin altitude 
climbs at the desired rate, and differential pressure decreases. Repeat 
as necessary. 


If a lower cabin altitude is desired: 


Outflow valve switch (momentarily) ..........ceeeeeeeeeneeeeneeeees CLOSE 


Verify the outflow valve position indicator moves left, cabin altitude 
descends at the desired rate, and differential pressure increases. Repeat 
as necessary. 


During Descent 


Thrust lever changes should be made as slowly as possible to prevent 
excessive pressure bumps. 


Outflow valve switch (momentarily) ..........ceeeeeeeeeeeeeeneeeees CLOSE 


During descent, intermittently position the outflow valve switch 
toward CLOSE, observing cabin altitude decrease as the airplane 
descends. 


Before entering the landing pattern, slowly position the outflow valve 
to full open to depressurize the airplane. Verify differential pressure 
is zero. 


Pressurization Control Operation — Landing at Alternate 
Airport 


At top of descent: 


CAB ‘ALT indicator ss. wise: sstseun san eteiidatehesid debe eho Seen Ggeedeet ess SET 
Set CAB ALT to new destination airport elevation minus 200 feet. 
LAND: ALT indicator’. ...cccter.cehsssasitiescpsedontiecuenisaeendeliectets Reset 


Reset to new destination field elevation. 
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Automatic Pressurization Control — Landing Airport Elevation 
Above 6000 Feet 


Flights less than one hour: 
Use Normal Procedures. 

Flights more than one hour: 
Use Normal Procedures except as modified below. 
Prior to takeoff: 


LAND ALT indicator and 
CAB ALT indicator 0.0.0... ceececcseececcccccceessssssscccceeseeeeans 6000 feet 


At initial descent or approximately 20 minutes prior to landing: 
LAND ALT indicator 0... Destination field elevation 
CAB ALT indicator 2.0.0... eeeceesecseeeecceneceteceneeenaceeneeeesosees Reset 


Reset CAB ALT to destination airport elevation minus 200 feet. 


Unpressurized Takeoff and Landing 
When making a no engine bleed takeoff or landing with the APU inoperative: 


Takeoff 


PACK Switches’: css, ssacers eatseee di heteies tna dite raenee eoteeee a oe AUTO 
ISOLATION VALVE sWitch oe eeeececesecneeeseeeeeeseeeseneeneeeeaes CLOSE 
Engine BLEED air SWitches 0.000... ee eeescceseeceeeceseeeseeeseseeeeeaeenseeeaeens OFF 
CAB ALT indicator ........ eee eeeeeeeeeees 2000 feet above field elevation 
Cabin. Rate:selector viva vices. tatince tates easter lea eaaceeeeetieh reivec Index 
Pressurization Mode Selector ..........cccceeseeescceseeeeseeeeseeeeeteeeeneeeeaes STBY 
ELT/GRDSwitehisssssic3.tssce8 festecdcevindacin states iesctastetstets sate saaeeeeae tenes FLT 
After Takeoff 


Note: If engine failure occurs, do not position engine BLEED air 
switches ON until reaching 1500 feet or until obstacle clearance 
height has been attained. 
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At not less than 400 feet, and prior to 2000 feet above field elevation: 
Engine No. 2 BLEED air SWitch oo... eee eeeeeeceseeeneeeeeeeneeeseeens ON 
When CABIN rate of CLIMB indicator stabilizes: 


Engine No. 1 BLEED air SWitch oo... eeeeeeceseeeseeeeeeeneeeseeees ON 
TSOLATION VALVE switch ......ceecceeecceeseeceseceeeeeeeeeeeeeeeseees AUTO 
Pressurization Mode Selector ...........:.cccssceescecesteeeeeeeeeeeeneeeeaees AUTO 
Landing 
When below 10,000 feet: 
CAB ALT indicator... eee 1500 feet above field elevation 
Cabin:Raté Selector: sto. dadeanedesatondelspnlceenstiedecsiscsesamecevarestentees Index 
Pressurization Mode Selector ...........::ccessceesseceeseceeteeeeaeeeeseeeeseees STBY 


When starting final approach turn: 
Engine BLEED air SWitches .00..... cele eeseeseeeseeeneceneeeeeeeeeaeesaeees OFF 


Avoid high rates of descent for passenger comfort. 


No Engine Bleed Takeoff and Landing 
When making a no engine bleed takeoff or landing with the APU operating. 


Takeoff 


Note: If anti—ice is required for taxi, configure for a “No Engine Bleed 
Takeoff’ just prior to takeoff. 


Note: If anti—ice is not required for taxi, configuration for a “No 
Engine Bleed Takeoff’ may be accomplished just after engine 


Start. 
Right PACK sWitch).:sis.nccinann tic adima ian ciniiidatiss AUTO 
ISOLATION VALVE sWitch oo... cece eeeeeseeseesseecneeceneseeeeseeeeaees CLOSE 
Lett PACK switch: .. :30-..0c2ii jst vente dete as He eee AUTO 
Engine No. 1 BLEED air SWitch 00... eee eee ceseeeeeeeeeeeceseeeeeeeaeenaes OFF 
APU BERED: airs watch oto: scscscueciscadiedds baneseltesicravedbvisves Su eectsetets ON 
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Engine No. 2 BLEED air SWitch oo... ile eeeeeeneceneceneceneeeaeeeaeenaeees OFF 
(737-400) Trim air SWitCh oo... ccesccccessceceeesseeeessseeeeeseeeeeseeeeeeeaees ON 


After Takeoff 


Note: If engine failure occurs, do not position engine BLEED air 
switches ON until reaching 1500 feet or until obstacle clearance 
height has been attained. 


Engine No. 2 BLEED air SWitch oo... eee eeeeseceneeeneceneeeaeeeseeeaeeeaees ON 
APU. BLEED. ait: S Witch icici) .chctieck ita ectiags. Saekes deetiions Aa dosh ieeeeid noche: OFF 
When CABIN rate of CLIMB indicator stabilizes: 


Engine No. 1 BLEED air SWitch oo... ee eeeeeeeeeeeeceeeeeeeeeneenneees ON 
ISOLATION VALVE sWitch .0.....cceceeceeseeseeeeeeeeeeeeeeeeeeeeeeseeanees AUTO 
Landing 


If additional go-around thrust is desired, below 10,000 feet, configure 
the pressurization system for a no engine bleed landing: 


Right PACK switch). i224.) 2iscndinenils alae tee ot ee ees AUTO 
ISOLATION VALVE SWitch oe eeceececeseeseeeseeeneeseeeeeaeeneeeeaes CLOSE 
Lett PACK Switch tei sciiteceriesieteitsa thesis eine ciadeciebeed octet athidiees AUTO 
Engine No. 1 BLEED air SWitch oo... eee eeeeeeteceeeeneeeaeeeseeeneees OFF 
APU BLEED air switch aices cess icii edi tieetedeseurenaevens neces ON 
Engine No. 2 BLEED air SWitch oo... lice eeeeeeneeeneceeeeeeeeaeeeaeeeaeens OFF 
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Anti-Ice, Rain Section 3 


Anti-Ice Operation 


Requirements for use of anti-ice and operational procedures for engine and wing 
anti-ice are contained in Supplementary Procedures, Adverse Weather, section 
SP.16. 


Rain Repellent Use 


Do not actuate rain repellent unless windshield wipers are operating and medium 
or heavy rain conditions exist. 


CAUTION: Do not use rain repellent in an attempt to clean a dry, 
dirty windshield. If rain repellent is inadvertently 
applied, do not use the windshield wipers until 
required for rain removal. 


Inflight operation: 
Windshield Wiper selector ............eccceeeseceneeeeteeeees Desired position 
Rain Repellent 
SWIUCHES oc eeeseceeesneeees Push and hold momentarily (one at a time) 


Rain repellent may be used any time rain intensity requires the use of 
windshield wipers. 


One application of repellent should be sufficient for an entire takeoff or 
landing. Additional applications may be required for takeoff or landing 
in very heavy rain. 


Window Heat System Tests 
Overheat Test 


The overheat test simulates an overheat condition to check the overheat warning 
function of the window heat system. 


WINDOW HEAT switches .............cccccccccecececesesssesesesesssesessessseeeseesseees ON 
WINDOW HEAT TEST sWitch ue... ceeeeccccccceeeeesssssseccesssseeess OVHT 
OVERHEAT lights — On 


ON lights — Extinguish 
Lights extinguish after approximately 1 minute. 
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MASTER CAUTION - On 
ANTLICE system annunciator — On 
WINDOW HEAT switches .000....e cc eecccceeceeesceeenceceeeeceneeeeseeceeaeessaeenes Reset 
Position the WINDOW HEAT switches OFF, then ON. 
Power Test 


The power test verifies operation of the window heat system. The test may be 
accomplished when any of the window heat ON lights are extinguished and the 
associated WINDOW HEAT switch is ON. 


WINDOW HEAT switches ...0..... cee eeeeeseeeseeeseceseeeeeeeseeeseseseeeseesaeeaees ON 
Note: Do not power test when all ON lights are illuminated 


WINDOW HEAT TEST switch oo... eee eeceseceseecneeeneeceeeeseeeeeeeaeees PWR 


The controller is forced to full power, bypassing normal temperature 
control. Overheat protection is still available. 


WINDOW HEAT ON light 000... eeeeeeeceeeeseeeeeeeseeeeeeeneees Illuminated 


If any ON light remains extinguished, the window heat system is 
inoperative. Observe the maximum airspeed limit of 250 kts below 10,000 
feet. 
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Automatic Flight Section 4 
Level Change Climb/Descent 


ALTITUDE selector ........ccccccccccccccccccecceseeceeeeeeeeeseeeess Set desired altitude 


Note: If anew MCP altitude is selected while in ALT ACQ, the 
AFDS engages in V/S and the existing vertical speed is 
maintained. 


LV Er. CHG Switelirss coi cee tett ties) Rise a leat a eee eee Push 
Verify FMA display: 
Thrust mode (climb) — N1 
Thrust mode (descent) - RETARD then ARM 
Pitch mode —- MCP SPD 
TAS/MACH Selector ........cecceeeccceececeeneeceeeeeseeeseeeeeaeens Set desired speed 


Vertical Speed (V/S) Climb/Descent 
ALTITUDE selector ........ccccccccccccccccscscceseseeeeeeseeseeeees Set desired altitude 


Note: If anew MCP altitude is selected while in ALT ACQ, the 
AFDS engages in V/S and the existing vertical speed is 
maintained. 


V/S thumbwheel ...........ceccceeccceeeecesteeeeseeeeeeees Set desired vertical speed 
Verify FMA display: 
Thrust mode (climb or descent) - MCP SPD 
Pitch mode — V/S 
TAS/MACH Selector ........ceccceeeccccececeeneeceeeeenaeeeeeeeeeaeens Set desired speed 


To transition to the vertical speed mode from another engaged climb or 
descent mode: 


WIS, MODES SWItCh’ seicse. sscstessesiasa desea vedenteobdaseuedtan dessdecess Seessvonseneoe Push 
V/S climb mode engages at existing V/S. 


V/S thumbwheel .............eccceeeceeesteceeeeeenees Set desired vertical speed 
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Verify FMA display: 


Thrust mode (climb or descent) - MCP SPD 
Pitch mode — V/S 
TAS/MACH Selector ..........cceccceseseetceceeeeeeeneeeeneeees Set desired speed 


Intermediate Level Off (VNAV) 
ALTITUDE Selector ..00........eeseeceseeesereeceeseteneeoseeoes Set desired altitude 
At MCP altitude: 
Verify pitch mode displays ALT HOLD 


To continue climb/descent: 


ALTITUDE selector ..........c.cccccccceeceeeeeeeeeseseeeeeeeees Set desired altitude 
VIN AV. SWItCliiccs sc cvtheics vest eusedsesaveducabatbeebunvecubneasorsoaseeSaneaseececrsueceses Push 
Verify FMA display: 


Thrust mode (climb) — N1 
Thrust mode (descent) - RETARD then ARM 
Pitch mode — VNAV SPD or VNAV PTH as appropriate 


Altitude Hold 
Altitude HOLD switch oe eeeeeseessecseceseceseceeeseeceaesenesnseeseesees Push 
Verify FMA display: 
Pitch mode —- ALT HOLD 


Heading Select 
Heading selector i... .scc..ccieaas ohieatesseteneeteetpesecieds Set desired heading 
Heading select Switch wis:2ccsccceetieeeiveetep ine te veesieceieb ated eeteneds Push 
Verify FMA display: 


Roll mode — HDG SEL 
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VOR Navigation 
VHE NAV radi0(s) ........ccccccssssccecceesesssscecceeessessceeeeccssessaeeceeeeeeesaseees Tune 
COURSE ‘sel6ctOr i. sisis.s.eetesnteeiiese cn eesuieiie eevee Set desired course 
When on an intercept heading to the VOR course: 
VOR LOC Mode SWitch 32.5. seccsceesacheteetet ste toiesertscedentalexeutecgtenisss Push 


Verify VOR LOC armed mode annunciates. 
A/P automatically captures the VOR course. 
Verify VOR LOC engaged mode annunciates upon course capture. 


Note: If change to a localizer frequency is desired when captured in 
the VOR mode, disengage VOR LOC mode prior to selection of 
the localizer. VOR LOC mode can then be reengaged. 
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Instrument Approach using VNAV 
Note: This procedure is not authorized using QFE. 
Note: This procedure requires FMC U7.1 or later. 


Note: Operational approval required for the use of an MDA as a DA. 
If required to remain at or above MDA during the missed 
approach, missed approach must be initiated at least 50 feet 
above MDA. 


Recommended roll modes for final approach: 

¢ RNAV, GPS or TACAN approach: LNAV 

¢ LOC-BC, VOR or NDB approach: LNAV or HDG SEL 

e LOC, SDF or LDA approach: VOR/LOC or LNAV. 
For LOC, LOC-BC, SDF or LDA approaches, ensure appropriate navaids are 
tuned and identified prior to commencing the approach and monitor raw data 


throughout the approach. For VOR and NDB approaches, raw data should be 
monitored, if available. 


FMC approach procedure... eeeeseseeceseceeeceeeeseceseeeseseeeeseeeaees Select 


Select the approach procedure on the ARRIVALS page. Do not 
manually build the approach or add waypoints to the selected FMC 
procedure. Add cold temperature corrections to waypoint altitude 
constraints as appropriate. 


Verify VNAV glide path angle is displayed on the final approach 
segment of the LEGS page. 


RNP appropriate for approach (if required) 0... eee Verify/Enter 
[Allows appropriate alerting to occur if ANP exceeds RNP.] 


Within 1.5 miles prior to the FAF and after ALT HLD or VNAV PTH is 
engaged: 


MCP raltitid@iicie. nce saeteciheoie tin obbahthe biatch eee Set MDA/DA 


[Allows VNAV to command descent in VNAV PTH. If the MDA/DA 
does not end in zero zero, for example, 1820, set MCP ALTITUDE 
window to the closest 100 foot increment above the constraint. ] 


Note: There may be a level segment beyond the FAF before 
intercepting the descent path. 


Copyright © The Boeing Company. See title page for details. 


SP.4.4 D6-27370-400E-TBCE December 06, 2002 


Qiwoera — “inlementen Mt 
737 Operations Manual 
Prior to reaching FAF: 
AEDS Toll mode: sigeieintce dieu cline satiate Verify/select 
Verify appropriate roll mode annunciates. 
VNAV switch (if required) 000.0... eee eeccceeeeeeeseceeeeeeenceeeneeeetaeenaees Push 


Select VNAV if in ALT HLD. Verify VNAV PTH annunciates. 


AutopilOtisiscan ckacied ie had tei eg babes Verify engaged 


[Autopilot should remain engaged until suitable visual reference is 
established. ] 


At MDA/DA/Missed approach point: 


If suitable visual reference is not established, execute missed 
approach. 


MCP altitude oo. ee eeeneeereee Set missed approach altitude 
After suitable visual reference is established: 
A/P disengage SWItCH 0.0... eee eeeeseeseeeseceneeeneceseeeseeeaeenaeeeneees Push 
Disengage the autopilot before descending below MDA/DA. 
A/T disengage SWitCh 0... eee eeecescsseeeseceseeeneceseesseeeaeeeseeeaeens Push 


Disengage the autothrottle before descending below 
MDA/DA. 
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Instrument Approach using Vertical Speed (V/S) 


Note: Autopilot use is recommended until suitable visual reference is 
established. 


Recommended roll modes: 


e RNAV, GPS, TACAN, LOC-BC, VOR or NDB approach: LNAV 
or HDG SEL. 


¢ LOC, SDF or LDA approach: LOC or LNAV. 


Note: Do not use the VOR/LOC AFDS mode when conducting VOR 
approaches if the VOR/DME station elevation is more than 
5000 feet MSL, if there is no co-located DME transmitter 
available at the VOR station to be used or when the DME is 
invalid for any other reason. 


Note: During VOR approaches, one pilot must have raw data from the 
VOR associated with the approach displayed in the HSI 
VOR/ILS mode no later than the final approach fix. 


Ensure appropriate navaids (VOR, LOC or NDB) are tuned and 
identified prior to commencing approach. 


Before descent to MDA: 
MCP alti eiciiid soticcciseatiaven tere salests balevesde acer eseetad sack eatedey Set 


Set the first intermediate altitude constraint or the MDA. When 
the current constraint is assured, the next constraint may be set 
prior to ALT HOLD is engaged to achieve continuous descent 
path. 


If constraints or MDA do not end in zero zero, for example, 
1820, set MCP ALTITUDE window to the closest 100 foot 
increment above the constraint. 


At descent point: 
Desired: V/S ii: feist aise oc adsloewi tastiest retain aiebeitettontesd Set 


Set desired V/S to descend to MDA. Use a V/S that results in 
little or no level flight segment at the MDA. 


Verify V/S mode annunciates. 
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Approaching MDA: 
MCP altitude oo. eee eeneeereee Set missed approach altitude 


At MDA/missed approach point: 


If suitable visual reference is not established, execute a missed 
approach. 


After a suitable visual reference is established: 


A/P disengage SWitch .........ceeceessceseeceeteceeaeeseeeeeeneeeeeeeenes Push 
Disengage the autopilot before descending below MDA. 


AIT disengage SWitCh .........ceeceeeccceseeceeneeeeeeceseeeeneeeeeeeeees Push 
Disengage the autothrottle before descending below MDA. 
Circling Approach 


Note: Autopilot use is recommended until intercepting the landing 
profile. 


MCP altitude Selector ................ccccccccsseessssssscccccceceessssssescccsceeseeesnssseeecs Set 


If the MDA does not end in zero zero, for example, 1820, set MCP 
ALTITUDE window to the closest 100 foot increment above the 
MDA. 


Accomplish an instrument approach, establish suitable visual reference 
and level off at MCP altitude. 


Verify ALT HLD mode annunciates. 
MCP altitude selector 0... eee eeeeeeeeeeee Set missed approach altitude 
HDG SED:SWiteh ives: .:Gieccchiescitiaae bie Sie beii sou, pesntnananitoeted eves seus anadis Push 
Verify HDG SEL mode annunciates. 
Intercepting the landing profile: 
Autopilot disengage SWitCh oo... ele eeeeeeeeeeeeeseeseeeeseeneessaeeeseeeas Push 


Autothrottle disengage SWitch ....... cece eeeeseesereeseeeseeeneeseaeseaeeees Push 
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Communications Section 5 


Aircraft Communication Addressing and Reporting System 
(ACARS) 


The following procedures are applicable to the noted ACARS functions from the 
company pages. 


Pre-Departure Clearance 


The flight crew shall manually verify (compare) the filed flight plan versus the 
digital pre-departure clearance and shall initiate voice contact with Air Traffic 
Control if any question/confusion exists between the filed flight plan and the 
digital pre-departure clearance. 


Digital-Automatic Information Service 


The flight crew shall verify that the D-ATIS altimeter setting numeric value and 
alpha value are identical. If the D-ATIS altimeter setting altimeter numeric value 
and alpha values are different, the flight crew must not accept the D-ATIS 
altimeter setting. 


Oceanic Clearances 


The flight crew shall manually verify (compare) the filed flight plan versus the 
digital oceanic clearance and initiate voice contact with Air Traffic Control if any 
questions/confusion exists between the filed flight plan and the digital oceanic 
clearance. 


Cockpit Voice Recorder Test 


TESUS WLC teretesresess descboa sth atanses oe ee ts aaee ey udeatee doce oa aw asian eto ata eee arts Push 
After a slight delay: 
Monitor indicator... cceccccccccccccccceccecccececeeccesseseeeeseeeseeses Green band 


A tone may be heard through a headset plugged into the headset jack. 


ESE S WITCH vic 2cozcascsons cowauncehecstsceadess songsaad cdaesadegeosaidtoossiodvcvsvstedsdests Release 
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Electrical Section 6 
Standby Power Test 
Battery Switch ..i acs teczesteredieesactiiesaviicsen etree Seaweed ite alien ON 
AC-—DC meter selectors 00... eee eeeeesecesecereceeeseeseseesseeeaeenes STBY PWR 
APU GEN No. 2 switch or GRD PWR switch 0.00... eeeceeeeeeeeeeeees OFF 
Turn OFF appropriate switch depending on power source in use. Removes 
power from TR 3. 
STANDBY POWER SWitCH oo... eee eeeeeeceseeeeceseceseceseseneeeessaeeneeee OFF 
Check STANDBY PWR OFF light illuminated. 
AG-DE Voltmetets::.: os: jcchicsticsisathies ohh ttes tian netted Zero 
STANDBY POWER SWitCH oe eeeceseeeseeeeceseceseceseseaeesnessaeeneees BAT 
Check STANDBY PWR OFF Light extinguished 
AC-DG voltmeters::.os.tes21c0) eindciee hig edie ae neta ae ees Check 


AC voltmeter 115 +/- 5 volts 
DC voltmeter 26 +/- 4 volts 


FREQUENCY MELE eh cree Svcscchenncebscnsa ia ie eae laent th etecwe tk ae eohets anette ott Check 
Check frequency meter for normal indication: 400 +/- 10 CPS. 

STANDBY POWER SWitCh oo... eee eeceeseceseecseeeteeeeeeaeeeseeeaeeeneeees AUTO 

APU GEN No. 2 switch or GRD PWR sWitch oo... eee ON 
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Engines, APU Section 7 


Battery Start 
(With APU bleed or ground air available) 


Prior to a battery start, accomplish the exterior safety inspection and the 
flight deck safety inspection. Accomplish interior/exterior inspections 
if required except for items requiring electrical or hydraulic power. 


Accomplish the following preliminary flight deck preparation items: 


Fault/Inop dete cttonnsscciisisasetescsetvisssecousssevens Senateasaasteateratecnsecdes Check 
Fire/Overheat Warming ..........::ceccceesseeeseceeeceeeeeeseeeeeneecsreseneeees Check 
BX DE TEST: switchs sienna sie Mek nails ates Check 
APU (bleed air source if available) ...........cccceeessseceeeeeeeeeneeees Start 
Flap IeGviebce.cicissreieats nieeeec Biiieck lea beee aes thee dee ae Set 
Position the FLAP lever to agree with the FLAPS position indicator. 
Emergency equipment ...........::ccscceesceeesceceeeeceeneecseeeeeneeeenneeeaees Check 
Circuit breakers: .c2.s..vceseccie ined eked ean noet tasers kee Check 
Blight TecOrder v2.2 se eh see elnads ene eeaead eects eee peewee Set 
Rain:repellent svceec cee eee heen Mien Aten, Soe Check 
Crash axeriis sii: isiistilsiieieisRevvacjcetielianieleasiloiegdidi teatiattectest ict Stowed 


On the captain's command, the first officer reads and the captain 
accomplishes the following items: 


Oxygen & interphone 2.0... eeeceeesceeeneeceeeceseeeeeeeceeaeessaeeeeeeees Check 
Standby: POWwer dreds etesss doves csheeeel na aches es celac techs Gusts eee ales BAT 
GALLEY: Power s.sciesvsccedeseyisessadiewestidescehiaendanicsncnvadiz sees Moesebaes ON 
EMER EXIT LIGHTS ...0... eee eceseseseeccesneenensceccecceeaseaseaerees ARMED 
PaSS@N Ser SIQMS 256.554 ance cusseséses cos dSeasaneesdessQeshaveneaiacecesseasdiesdeseceatete Set 
HY D'PUMP. Switches 2.03 ee.etieee ioe evuadeucteseeiedelesiiie lacey elontee ON 
Air conditioning & pressurization .............00.. 1 Pack, bleeds ON, set 
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Parking Drake :i..2.tcccsetsusslseviencgietestt sacascehsones ieusnesldetleed sadevts tteeveareesee Set 
Note: The wheels should be chocked in case the brake pressure 
has bled down. 
Papers waitisiucetevie divs caves Saiotaves uneseiacactunecountub vases seu deaseeuterseesesets Aboard 


Cleared for Start 


PACK sS Witches: .i¢dtssscchesss.c6etsscebdetepecboschonlpedied-feascuuns dolaseti tezavtnnse OFF 
ANTICOLLISION light switch ..0.... eee eeeeseeseeeseeeneeeseeeseeeneeees ON 
Ignition select SWitCH eee eeeseceseeeeeceseeeseeeaeeeeeeeeseeeaeees IGN-R 


Engine Start 


Engine No. 1 should be started first. 


Engine: Nov listart .cc:ientianistne ie hen aide Accomplish 
Only N1, N2, EGT and fuel flow indications are displayed. 

Generator No. 1 SWitCH oo... eeeecceenceeeseeeeneeeeeeeeeeeceeneeeseeceaeeeeaees ON 

IRS mode selectors .........ccccceesceeescesneeeeneeeeeeeceseeceeeceeeecesaeeesaeeneas NAV 

EMC/CDU. j.trse uci eS Set IRS position 


WARNING: If engine No. 1 was started using a ground air 
source, to minimize the hazard to ground 
personnel, the external air should be disconnected 
and engine No. 2 started using the engine 
crossbleed start procedure. 


Engine, No: 2: starty.isieeirentin vette neste neice ae Accomplish 
Generator: NOs 2:SWItCh aiesiciciseesasiceacctiesesetecscessssauviiesdeosgosdenntedts ON 
After Start 


Complete the preliminary flight deck preparation by checking the 
following items: 


MACH AIRSPEED WARNING test switches ............eeee Push 
STALL WARNING TEST switches ......0..cceeccecesceeeeeeeeeeeeee Push 
REVERSER light. s. 222.2: cee entgntiase eden edict lances ceteneet ieee Check 
PMG SWitcheS acsesctin ciertcicccets Cert Nets Mae nee teats ON 
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Passenger OXYgen SWItCH oo... eee eeeeeeeeseeeeeeeneeeneeees NORMAL 
Crew OXY GON seth des cati lade header eee Check 


Accomplish panel scan to ensure that the flight deck preparation 
procedure is complete. 


AFTER START checklist... cee eeeeeeeeceseceeeeeneeeeees Accomplish 
IRSvaligninient):ss:5::.ssetsseecsesssiccnigsidastuatuicontyeds Complete & no flags 


The airplane is ready for taxi. Refer to the normal checklists for 
subsequent checks. 


Engine Crossbleed Start 


Prior to using this procedure, ensure that the area to the rear is clear. 


Engine BLEED air SWitches 000.0... eee eeeeeseeseceseeeseeeeeeseeeseeeeesseeenees ON 
APU BLEED. air switch: c2c.ucie, ie ecni ince ed eteees ebetep tenebeeceeees OFF 
PACK SWitChes.2: Ac. scchsitssceste.actoenctelSinstectensl eg hegauzanass Wenseielestecestiedes OFF 
ISOLATION VALVE sWitch 200... ceeeceeceesececceeeeeeneeeeceseeeeeeeeeeees AUTO 


Ensures bleed air supply for engine start. 


Engine thrust lever 
(Operating ENGINE) .... eects Advance thrust lever until bleed 
duct pressure indicates 30 PSI 


NON=Operating CNSINE s...2.sscpaccesapeccusstastesbesdacesnsdevsvadignscbbacdernbaseseanoas Start 


Use normal start procedures with crossbleed air. 
After starter cutout, adjust thrust on both engines, as required. 


High Altitude Airport Start Procedure (above 8400 feet) 


For airplanes certified for operation at high altitude airports, accomplish the 
following: 


Tgnition select SWitCH oo... eseesecenecseeceseeeeeceseceseceseseaeesaeeeaeeaeoes Both 


Engine Start «soci destehvcce: cesdeavatvcstevdesieesigenpsearmorieed tocamiese Accomplish 
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The minimum start pressure is 30 psi minus .5 psi for each 1000 feet 
above sea level. At least 20% N2 RPM plus an indication of N1 
rotation are required prior to introducing fuel to the engine. Engine 
acceleration will be much slower than during starts at lower altitudes. 
The engine start switch must be held to the GRD position until N2 
RPM reaches 50%. 


CAUTION: Do not attempt to re-engage the starter above 20% N2 
if it is inadvertently allowed to cut out at 46% N2. 


Note: Fuel fogging from the engine exhaust may occur during a 
normal high altitude airport start. 


PMC off Takeoff and Climb 


This procedure must be accomplished only if PMC OFF performance data is 
available for the type of engines installed. 


PM GS WItehes -iecacesbveg ves Ssoniednciaveduoces Soecest codecs Salleesvevies vv suses soebcusvowen’ OFF 
FMC/CDU TAKEOFF REF page ...........ceseeccseeeesceseeeeseeeeeeenseesees Select 
CVAD Seok oa sor dens ae Sea ca tasks Recto ues a ies ec ede hea shee ee ee eo et Enter 


Enter the actual airport ambient temperature. 


Note: N1 RPM will increase as speed increases during takeoff. The 
RPM increase could be as much as 7% depending on 
temperature and pressure altitude. The takeoff performance 
figures for PMC OFF account for the RPM change. DO NOT 
reduce thrust during takeoff unless engine parameters exceed 
other limits. 


(CEM 56-3 engines operating at 22,000 pounds of takeoff thrust) 
SEE TEMP) ites iien clei en et abet Enter 


With air conditioning pack switches AUTO for takeoff: 


If OAT is 50°F to 73°F (10°C to 23°C) and PA is 6,000 to 10,000 
feet, enter 73F (23°C) for SEL TEMP. 


With air conditioning pack switches OFF for takeoff: 


If OAT is 50°F to 81°F (10°C to 27°C) and PA is 3,000 to 10,000 
feet, enter 81°F (27°C) for SEL TEMP. 
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If the above parameters are not applicable, do not enter SEL TEMP. 
In this case, takeoff may be accomplished using OAT for temperature 
reference. 


If FMC is inoperative or not used: 


INF CULS OLS a. 5arececeetcess ahbsy. ei aaaae eae baer aes tae oe So ea aes Meth sdoes Set 
Set full rated thrust value for PMC OFF. 
Takeont thrust coisict cick Gesssaisen saaeenens cvasvervan vaecaa savannah ouecbescbbeaseeasouseeusieent Set 
Set thrust manually or with autothrottle by 60 knots. 
After takeoff 


Thrust levers (if required) 


The N1 setting should be monitored throughout the climb, and the 
thrust levers reset as necessary. The pilot not flying will compute the 
thrust setting for cruise speed schedule prior to reaching cruise altitude. 


Starting with Ground Air Source (AC electrical power 
available) 
Engine No. | must be started first. 

When cleared to start: 


APU BLEED air switch 


Engine: Noe. startini. sect: steeseictnech kets skeet titel Accomplish 


Use normal start procedures. 
WARNING: To minimize the hazard to ground personnel, the 


external air should be disconnected, and engine No. 2 
started using the Engine Crossbleed Start procedure. 


APU Start 


Note: With at least one generator operating, subsequent start attempts 
should be made at succeedingly lower altitudes until a 
satisfactory start is accomplished. 


ABU SwitChicssss: fetes siivectsiece tail a extep ets eevee debian toa evens eeeiteee START 
Momentarily position APU switch to START and release to ON. 
Check LOW OIL PRESSURE light illuminates, then extinguishes. 
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Check APU GEN OFF BUS light illuminates. 


Note: The start cycle may take as long as 135 seconds. 


Note: If extended APU operation is required on the ground and fuel is 
loaded in the center tank, place the left center tank fuel pump 
switch ON to prevent a fuel imbalance before takeoff. 


CAUTION: Do not operate the center tank fuel pumps with the 
flight deck unattended. 


Note: Whenever the APU is operating and AC electrical power is on 
the airplane busses, extended service life of the APU fuel 
control unit can be realized by operating at least one fuel boost 
pump to supply fuel under pressure to the APU. 


CAUTION: If there are multiple aborted start attempts, five 
minutes cooling is required between the second and 
third start attempt. A wait of one hour is required 
after the third start attempt. 
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Fire Protection Section 8 


Fire and Overheat System Test with an Inoperative Loop 


To determine the specific inoperative loop: 
OVHT DET switches: sis.2. esigiiinnid sia winceelanitan ees A 


MESES WILCH 2. .2iciatecehctecsueneveaeetake chee Sonedan boiGestioosdaseeevautes feo OVHT/FIRE 


If the FAULT light remains extinguished and both ENG OVERHEAT 
lights and engine fire warning switches illuminate, loop A is good. 


If the FAULT light illuminates and one of the ENG OVERHEAT lights 
and corresponding engine fire warning switch remain extinguished, 
there is a fault in loop A of the detection system of that engine. 


OVET DET SWiAtCheS  s.vesccscccceacgsscauzeats ta cadeaserodeveccodeeuwedevenacaveseeevees’ B 


TES US WICCI ss sccssde feveis Soasees dewiescbatweestsewanae ioneass. coceang cecsesvees OVHT/FIRE 


If the FAULT light remains extinguished and both ENG OVERHEAT 
lights and engine fire warning switches illuminate, loop B is good. 

If the FAULT light illuminates and one of the ENG OVERHEAT lights 
and corresponding engine fire warning switch remain extinguished, 
there is a fault in loop B of the detection system of that engine. 


ONVAT. DET Switches tics. .ec.leizsonooetetestauedestssessssoicaneo eit As required 
Select the good loop for each engine (NORMAL if both loops tested 
good). 

TTOSU-S WITCH siesees ecco idavesecas soocas eludes ohh Madats tel eaestad tes esotes OVHT/FIRE 
If the test is successful, leave the fire panel in this configuration for 
flight. 
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Flight Controls 
Flight Controls Check 


This is a check of normal flight control functions and is not a complete check of 


Chapter SP 
Section 9 


the flight control system. Two people are required; both on interphone. 


FLIGHT DECK ACTION 


GROUND RESPONSE 


Electrical power (APU or external) 
— On bus 


System A and B electric hydraulic 
pump switches — OFF 


Control wheel — Left 


“LEFT AILERON UP, TAB 
DOWN; RIGHT AILERON 
DOWN, TAB UP” 


Control wheel — Right 


“LEFT AILERON DOWN, TAB 
UP; RIGHT AILERON UP, TAB 
DOWN” 


Control wheel — Neutral 


Control column — Forward 


“ELEVATOR DOWN, TABS UP” 


Control column — Aft 


“ELEVATOR UP, TABS DOWN” 


Control column — Neutral 


Request hydraulic clearance 


System A and B electric hydraulic 
pump switches - ON 


Verify System A & B pressure 
indicators and brake pressure 
indicator read 2800 psi minimum 


“CLEAR FOR HYDRAULIC 
PRESSURE, WING AND 
CONTROL AREAS CLEAR” 


Parking brake — Set 


Rudder trim — Turn left 


Verify left rudder pedals move 
forward 
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FLIGHT DECK ACTION GROUND RESPONSE 


Rudder trim — Turn right 


Verify right rudder pedals move 
forward 


Rudder 
centered 


trim -— Zero, pedals 


Aileron trim — Turn left 


Verify control wheel turns to left 


Aileron trim — Turn right 


Verify control wheel turns to right 


Aileron trim — Zero, control wheels 
centered 


Nose gear steering wheel — Hold 
Control wheel — Left 

Control column — Forward 
Rudder pedal — Left 


“LEFT AILERON UP, TAB 
DOWN; LEFT FLIGHT 
SPOILERS UP; RIGHT 
AILERON DOWN, TAB UP; 
RUDDER LEFT; ELEVATORS 
DOWN, TABS UP” 


Nose gear steering wheel — Hold 
Control wheel — Right 

Control column — Aft 

Rudder pedal — Right 


“LEFT AILERON DOWN, TAB 
UP; RIGHT FLIGHT SPOILERS 
UP; RIGHT AILERON UP, TAB 
DOWN; RUDDER _ RIGHT; 
ELEVATORS UP, TABS DOWN” 


Flight controls — Neutral 


Alternate flaps master switch — 
ARM 


Flap lever — Position 1 


Verify no flap movement 
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FLIGHT DECK ACTION GROUND RESPONSE 
Alternate flaps position switch — | “FLAPS MOVING DOWN” 
hold DOWN until flap position 
indicator indicates 1 
Flap position indicator — flaps 1 “ALL LEADING EDGE 
Verify aft overhead leading edge DEVICES FULLY EXTENDED” 
devices annunciator panel indicates 
all green (FULL EXTEND) with 
no amber lights illuminated. 
Verify LE FLAPS TRANSIT light 
remains illuminated 
Alternate flaps master switch —|“LEADING EDGE ~— FLAPS 
OFF FULLY EXTENDED, ALL 
LEADING EDGE SLATS 


Verify Aft overhead leading edge 
devices annunciator panel indicates 
all leading edge flaps full extended 
and all leading edge slats in extend 
position 


RETRACTED TO EXTEND 
POSITION” 


Stabilizer trim switches — NOSE 
DOWN 


Verify LE FLAPS EXT light 

illuminated 

Speed brake lever — UP “ALL SPOILERS UP” 
Speed brake lever - DOWN “ALL SPOILERS DOWN” 


“STABILIZER LEADING EDGE 
MOVING UP” 


Stabilizer trim switches — NOSE 
UP 


With stabilizer still moving: 


Stabilizer trim cutout switches — 
CUTOUT 


Verify trim motor stops 


“STABILIZER LEADING EDGE 
MOVING DOWN” 
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FLIGHT DECK ACTION GROUND RESPONSE 


Stabilizer trim cutout switches — 
NORMAL 


Verify Trim motor resumes 
Control column — Forward 
Verify Trim motor stops 


Column actuated stab trim override 
— OVERRIDE 


Verify Trim motor resumes 


Stabilizer trim switches — Trim into 
green band 


Column actuated stab trim override 
— NORMAL 


Switch guard — Close 


Request clearance to flaps 30 


“PLAPS CLEAR” 


Flap lever — Position 30 


“FLAPS MOVING DOWN” 


Flap lever — UP 


“PLAPS MOVING UP” 


Parking Brake — As desired 


Electrical power — As desired 
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Flight Instruments Section 10 


Altimeter Difference 


Note: If flight in RVSM airspace is planned, use the RVSM table in 
the limitations section. 


This procedure is accomplished when there is a noticeable difference between the 
altimeters. Accomplish this procedure in stabilized level flight or on the ground. 


PSIUIIMOLELS 5. 2856.5 sal seccets tevteu tune suche Genta, Suter odtioek da Wiese Mess eshy a udaatie Set 
The reference barometric setting for this check is field barometric pressure 
or standard barometric pressure (29.92 in Hg or 1013 mb) as appropriate. 
Perform the following for all altimeters: 
¢ First rotate the Baro Set knob clockwise to a higher barometric setting 

than the reference. 
¢ Then rotate the Baro Set knob counterclockwise back to the reference 
barometric setting. 


AMGMOCLErS a sicteaeteetatrassh ain bia ela eine ied Crosscheck 
Maximum differences between the altimeter readings: 
ALTITUDE ELEC/ELEC ELEC/STBY 
Sea level 50 feet 50 feet 
5,000 feet 50 feet 80 feet 
10,000 feet 60 feet 120 feet 
15,000 feet 70 feet see note 
20,000 feet 80 feet see note 
25,000 feet 100 feet see note 
30,000 feet 120 feet see note 
35,000 feet 140 feet see note 
40,000 feet 160 feet see note 


Note: Above 10,000 feet and .4 Mach, position error causes the 
tolerance to diverge rapidly and direct crosscheck becomes 
inconclusive. Differences greater than 400 feet should be 
suspect and verified by ground maintenance checks. 


If it is not possible to identify which altimeter is indicating the correct 
altitude: 
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QFE Operation 


This procedure is accomplished when ATC altitude assignments are referenced to 
QFE altimeter settings. 


Note: Do not use LNAV or VNAV below transition altitude/level. 
Altitudes in the navigation database are not referenced to QFE. 
Use only raw data for navigation. 


AMTtimeCte rs’ si s.63013 sate atessaeuan tide acede Senet ciel does dana gone ahd aedebeecoeales ous tecent Maes Set 


Set altimeters to QFE when below transition altitude/level. 


Note: If the QFE altimeter setting is beyond the range of the 
altimeters, QNH procedures must be used with QNH set in the 


altimeters. 
Landing Altitude Indicator 0.00.0... cecceccceeeseceeeceeneeeeneeeeeeeeesaes Set at zero 
Cabin Altitude Indicator ...........ccccccccccesceesesesseesessseeseeeseseeees Set at -200 
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Navigation/General 
Transponder Test 


Transponder SWitch .........ceeccceesscceneceeeeeeeeeeceeseceeaeeceaeeeeeeceneeeeaeeees TEST 
Check that the FAIL light illuminates. 
Check that all code segments illuminate. Verify that no error codes exist. 


Aural Alerts Definition 
“TCAS SYSTEM TEST FAIL” Test failed. Maintenance required. 
“TCAS SYSTEM TEST OK” Test complete. System operable. 


Weather Radar Test 


WXR (EHSI control panel) 20.0... cee eeecccesceeeseceeeeeeeneceeaeeeeaeeeeneeseaneeees ON 
Verify test pattern consists of the following colors: 
- Green 
- Yellow 
- Red 
- Magenta. 
Verify no fault messages are present. 


IRS Fast Realignment 


Prior to commencing this procedure the airplane must be parked and not moved 
until the procedure is completed and the ALIGN lights extinguished. 


FMC/CDU POS INIT page ........cecceeecceesceeeeseceeeeeceaeeeeeeceneeeeeaeeees Select 


Enter the correct present position (PPOS) into the scratch pad. Use the 
most accurate PPOS available. 


IRS mode :selectOr iss ssccs Ae eeceesersst ion tiiseesons navi tutevseesseatiece ALIGN 
Observe ALIGN light illuminates steadily. 
FMC/CDU POS INIT page .......:cecceessceesccceesecesneeceaeeeeeeeeaeeceeaeeees Select 


Press line select key (LSK) 4R when box prompts appear. Confirm that the 
box prompts are replaced by the entered present position. If ALIGN light 
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flashes then re-enter the same position into the scratch pad even if it is 
already displayed under the SET IRS POS line. Press LSK 4R. (Box 
prompts are not required for present position re-entry.) 

TRS: Mode: Selectors se: cs aezekt saver eecer tecectus doch nears etesee denise eaehetente ces NAV 
Observe ALIGN light extinguished within 30 seconds. 
If ALIGN light continues to flash, then refer to the section on IRS ALIGN 
light flashing. 


Note: If time permits it is preferable to perform a full alignment of the 
IRS. A more precise alignment will result. 


If the mode selector is accidentally switched to OFF or ATT, position 
mode selector to OFF, wait for ALIGN light(s) to extinguish, then 
perform full alignment procedure. 


IRS High Latitude Alignment 


This procedure should be followed when aligning the IRS systems at latitudes 
greater than 70° 12.0 and less than 78° 15.0. 


IRS mode selectors .............cccccessssssssscccccccceessssssscccescecscessssssecccesees ALIGN 


Position Initialization page... ce eeseeceessecseeesseeeeecseeceseeseessseeeessaeens Set 


Enter present position on SET IRS POS line using the most accurate 
latitude and longitude available. 


The IRS mode selectors must be in ALIGN for a minimum of 17 minutes. 
TRS mode Selectors ............cccccccssssssecscccccccseesssssvesccccccesecessssvescccsceseees NAV 
IRS Align Lights Flashing 


When an ALIGN light is flashing, one or more of the following 
conditions exist: 


The IRS present position has not been entered; position entry was 
attempted before the IRS’s entered the ALIGN mode; the entered 
PPOS may not be within the required accuracy tolerance; or the data 
entered on the CDU scratch pad may not have been received by the 
IRS. 
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CDU Message: ENTER IRS POSITION 


CORRECTIVE ACTION: Check and re-enter the correct PPOS into 
the CDU Scratch Pad and again line select the “SET IRS POS” line 
(4R). 


Note: Pressing Line Select Key 4R without first re-entering the PPOS 
into the Scratch Pad, will not send the displayed data to the IRS. 
Also, the PPOS data can be entered by overwriting the data 
currently displayed in the “SET IRS POS” line; Box prompts 
are not required. 


If repeated attempts to enter the correct PPOS through the CDU are 
unsuccessful, enter the PPOS directly into the IRS Display Unit. 


Special IRS Entries 

Present Position Entry 
TRS mode selector’... esau secs kone seeleute cats pevtageaten. Wieereedaehertel teeeees NAV 
ALIGN lights must be illuminated (steady or flashing). 
IRS display selector wicscccicedeicteeiscecsieeleeste idee ean esetieeeeees PPOS 


Tiatitude sacg.ve scenes era eeecosd eciciertie di eaten settee gisele Enter 
Key-in latitude in the data display, beginning with N or S, then press the 
ENT Key (the Cue Lights extinguish). 

DOM Sit: cess ececs ede casecusy .dssesascaaeee hh eeevecdsasyordes afetenbet toazwest sittwusesdenees Enter 


Key-—in longitude in the data display, beginning with E or W, then press the 
ENT key (the cue lights extinguish). Observe that proper latitude and 
longitude are displayed and that the ALIGN light is not flashing. 


Heading (Update) Entry 


Note: Due to IRS drift rate when in the ATT mode, periodic heading 
updates are required. 


IRS mode selectors cciecevctesetivastessunten tie bene elke ATT 


If the FAULT light illuminates when in NAV, select ATT. If the FAULT and 
ALIGN lights are extinguished after 30 seconds in ATT, then attitude and 
heading are available (initial magnetic heading must be entered in order to 
have heading information). 
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Heading - ENTER Through CDU 


FMC/CDU POS INIT page ou... cee eeeeeseecsseeseeeeeeececeeeeseeeseeenseesaes Select 


Enter the correct heading into the CDU scratch pad then press line select 
key 5R. Verify entered heading appears on line 5R. Select HDG on the IRS 
display selector and verify that the entered heading is displayed on the 
ISDU, RDMI's and HST's. 


Heading —- ENTER Through ISDU 
IRS display Selector’... .::. sia siseisiies. deteieeest ess ebee esheets HDG 


Press the H key to initiate a heading entry. 


Key-in present magnetic heading. Press the ENT key (the cue lights 
extinguish). Observe proper heading displayed on the RDMI's and HSI's. 


Inadvertent Selection of Attitude Mode (while on the ground) 


Inadvertent selection of the attitude mode may be due to physically 
overpowering the switch during turn-on, or the result of a faulty switch 
where the flight crew cannot accurately determine which mode is 
selected. If the ATT position is selected inadvertently when switching 
to NAV, the IRS must be turned off, and after the ALIGN lights 
extinguish, a full alignment must be initiated. 


Navigation/Flight Management 
Lateral Navigation Using the FMC/CDU 
Proceeding Direct To a Waypoint (overwrite) 
RIE AEG S page 'esicisiietatsdesetsdeythsidersied esl olewetl olencgteatcesss ssegtdiaastis Select 


On page 1/XX, line 1L, enter the desired waypoint over the presently 
active waypoint. 


Observe INTC CRS prompt in line 6R. 


If intercepting a leg to the waypoint, enter the desired intercept course 
in the INTC CRS line. 


Correct any ROUTE DISCONTINUITY if the entered waypoint was 
not in the original flight plan. 


EXEC ey ein escucoteiiche ie istaterstetessetig hosts decid cetera nediee cs Push 
Observe the MOD RTE LEGS page changes to ACT. 
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LNAV may disengage after execution of an intercept leg to a waypoint. 
If LNAV disengages, turn to a heading to satisfy LNAV capture criteria. 


Proceeding Direct To a Waypoint (DIR/INTC) 


DIRVINTE Key och chine ease nie eae hee Push 
Observe DIRECT TO box prompts displayed in line 6L. 


Enter the desired waypoint on the DIRECT TO line. Observe the 
waypoint automatically transfers to line 1L. 


Correct any ROUTE DISCONTINUITY if the entered waypoint was 
not in the original flight plan. 


EXEC key ..fh30058 Shed ei eee ee ce ee Push 
Observe the MOD RTE LEGS page changes to ACT. 
Intercepting a Leg (Course) To a Waypoint 


DIRGIN TC: Rey sz :cs2ciactute: cides vriestitactarstat ai ott toesead oontleveg anced Push 
Observe INTC LEG TO box prompts displayed in line 6R. 


Enter the desired waypoint on the INTC LEG TO line. Observe the 
waypoint automatically transfers to line 1L. 


Observe INTC CRS prompt displayed in line 6R. Enter the desired 
intercept course in the INTC CRS line. Observe the desired course is 
displayed on line 6R but, with magnetic variation differences, in line 1. 


Correct any ROUTE DISCONTINUITY if the entered waypoint was 
not in the original flight plan. 


EXEG ‘keyseiosee sek iiies en i ial aetiedibett. hited eile Push 
Observe the MOD RTE LEGS page changes to ACT. 


LNAV may disengage after execution of an intercept leg to a 
waypoint. If LNAV disengages, turn to a heading to satisfy LNAV 
capture criteria, as described in Chapter 11, and then engage LNAV. 


Route Modification 
RIE LEGS or RIE page ssiistis desc etnies nentntens Select 
Line select existing waypoints in the desired sequence. 
Key-—in any new waypoints in the scratch Pad and line select into the 


flight plan. Correct any ROUTE DISCONTINUITIES. 
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EXEG Key sestesSshetechseeties isechesd napedebetielelautorels antes seusladssuevenspewediolawests Push 


Observe the MOD RTE or MOD RTE LEGS page changes to ACT. 
Linking a Route Discontinuity 


Correct the ROUTE DISCONTINUITY by entering or deleting 
waypoints in a sequence that provides a continuous flight—plan path. 


EXEC Key sche lcetutsdetnics ieisteteetiesiateves sie dedeeeel eedbeiee dca eas Push 
Observe the MOD RTE or MOD RTE LEGS page changes to ACT. 


Determining ETA and Distance to Cross Radial (Bearing) or Distance From 
a Fix 


FIXCINFO pate: 3 iced ied lense ei eee eee Select 


Enter the identifier of the reference waypoint (normally an off—route 
waypoint) onto the FIX line. Enter the desired radial or distance from 
the FIX on a RAD/DIS line, or line select the ABM prompt if the 
desired radial from the FIX is perpendicular to the present 
route/course. 


Time and distance t0 20 oo... eee eeecesesseeeseceseceseceseeeseceseececeseeeseeeaees Check 
Check ETA and DTG, as desired. 


Note: If ETA and DTG are not displayed, the fix entered is not on 
the current planned route or it has already been passed. 


Changing Destination 
IEF Pa Ge scaccs cin. aiveccond assasksord tceestSauunggidccssdtgsunvevsstestecesoesivasteyescetont Select 


Enter the new destination over the original DEST. Enter desired 
routing to the new destination using the RTE, RTE LEGS, and 
ARRIVALS pages, as appropriate. Correct any ROUTE 
DISCONTINUITY. 


EXE OG KCy: cce3) ietlotuh seine el ain Sia nts ean aoe Push 
Observe the MOD RTE or MOD RTE LEGS page changes to ACT. 


Note: If destination is changed during climb, performance predictions 
may be blanked if the new flight plan is incompatible with the 
entered cruise altitude. Correct by entering a lower CRZ ALT 
on the CLB page. 
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Entering Holding Fix Into Route 


If the RTE HOLD page is displayed, observe the NEXT HOLD 
prompt. Line select 6L until the (RTE LEGS) HOLD AT page is 
displayed. 


Observe that HOLD AT box prompts and the PPOS prompt (if in 
flight) are displayed. Enter the holding fix in line 6L, or line select 
PPOS. 


If the holding fix is a waypoint in the active route, or PPOS was 
selected, observe the MOD RTE HOLD page displayed. If the 
holding fix is a waypoint not in the active route, observe the message 
HOLD AT XXXXX displayed in the scratch pad. Enter the holding 
fix into the route by line selecting in the desired waypoint sequence. 
Observe the MOD RTE HOLD page displayed. If displayed holding 
details are incorrect or inadequate, enter correct information on the 
appropriate line(s). 


EXEC key <5 citeseitersie aie ee earnsdteeens eet heeentdooe ee Push 
Observe the MOD RTE HOLD page changes to RTE HOLD (ACT RTE 
HOLD if holding at PPOS). 


Exiting Holding Pattern 


HOLD Key ie. seese. neti ee ee an I ea ee Push 
Observe EXIT HOLD prompt displayed. 

EXIT HOLD line select key ..... i e ele ceeeseceeceeceecsseceaeesaeeeneeeaeees Push 
Observe EXIT HOLD prompt changes to EXIT ARMED. 

EXEC Key fo: eee nee eal asd etieh ete aad etree Push 


Observe that EXIT ARMED is highlighted in reverse video and LNAV 
flight returns to the holding fix and resumes the active route. 


Note: The holding pattern may be exited by performing a DIRECT 
TO modification if desired. In this case, the flight path may not 
return to the holding fix before proceeding to the selected 
waypoint. 


Entering Created Waypoints on the Route or Route Legs Pages 


Note: Created waypoints are stored in the temporary navigation data 
base for one flight only. 
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RTE Or RTE LEGS page soi.cccistescenesesscseteeste ctor hy setetas scentagesoeeessvuaees Select 


Using any of the following methods, key into the scratch pad the 
parameters which define the new created waypoint (the place 
identifiers must already be stored in one of the FMC data bases): 
¢ Place bearing/distance (for example, SEA250/40); 

¢ Place bearing/place bearing (for example, SEA180/ELN270); 

¢ Along-track displacement (for example, SEA/-10); 

¢ Latitude and longitude (for example, N4731.8W12218.3). 


Enter into the route by line selecting to the appropriate waypoint 
sequence. 


Repeat the above steps to define additional created waypoints as 
desired. Correct any ROUTE DISCONTINUITY. 
EXEC heya neh ial atic nd ticsiseiets eee ida cetiites ee nen tees Push 


Observe the MOD RTE or MOD RTE LEGS page changes to ACT (for an 
inactive route, ACTIVATE and EXECute on the RTE or RTE LEGS page). 


Along Track Displacement 
RTE: LEGS page oct. 2245, scale tease eens Ba eee tee ee ae Select 


Line select the reference waypoint to the scratch pad. Add a “/” and 
the + or - distance desired. (EX: SEA/15 for a point 15 miles 
downtrack from SEA.) 


Line select the reference waypoint. (The FMC will automatically 
position the created waypoint to the appropriate position.) 


EXEC key stgtavii cnn berate ats te ere a eS Push 
Observe the MOD RTE LEGS page change to ACT. 


Entering Created Waypoints on the Nav Data Pages 


Note: Created waypoints entered on the SUPP NAV DATA pages 
(permitted on the ground only) are stored in the supplemental 
navigation data base for an indefinite time period; those entered 
on the REF NAV DATA pages are stored in the temporary 
navigation data base for one flight only. 


INTE/RER ‘key 2.5 ..daticin eee ae eas Blais ee eens Push 
Observe the INDEX prompt displayed. 
INIT/REF INDEX page 000.0... cee eeeeeseeseceseceseeeeeeseeeseeeeseseeeseeeaees Select 
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Observe the NAV DATA prompt displayed. To access the SUPP NAV 
DATA page, key SUPP into the scratch pad. 


NAVUDATA page. aicescinhcinsiii as gia eae Mia aint Select 


If the SUPP NAV DATA page is selected, observe the EFF FRM date 
line displayed. Enter the current or appropriate date on line 3R and 
EXECute. 


Enter a crew—assigned identifier on either the WPT IDENT, NAVAID 
IDENT, or AIRPORT IDENT line, as appropriate. Use the navaid 
category only for stations with DME. 


For a WPT IDENT entry, define the waypoint with entries for either 
latitude and longitude, or with entries for REF IDENT and 
RADIAL/DIST (the REF IDENT identifier must already be stored in 
one of the FMC data bases). 


For a NAVAID IDENT or AIRPORT IDENT entry, enter appropriate 
data. 


The EXEC key illuminates when data has been entered into all box 
prompts. 


EXEG@ Key \ eucsndeteisieheisi hate tad as aad tne eine Push 


Repeat the above steps to define additional created waypoints as 
desired. To enter a new identifier in the same category, simply 
overwrite the previous identifier. 


Note: To enter a created waypoint into the flight plan, key the 
identifier into the scratch pad and follow the route 
modification procedure. 


Deleting Created Waypoints on the Nav Data Pages 


INET/REF Key .25.0/.sftdeetiash tee aes he elt des, Reese eet Push 
Observe the INDEX prompt displayed. 
INIT/REF INDEX page 0.0.0... eeeescesccereceseceseceseeeseeeaeseaeeeneeeaeenaes Select 


Observe the NAV DATA prompt displayed. (U3 and on) To access the 
SUPP NAV DATA page, key SUPP into the scratch pad. 


NAV: DATA: Page ssc. sas cceseutiecus tn aginst adel ebte santa asi tba Seeds ea eaeea Select 
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Enter the identifier on either the WPT IDENT, NAVAID IDENT, or 
AIRPORT IDENT line, as appropriate. 


TATA tigi ete aes het tea bx eas eh eit) SAAB S ae he Solie, lie hl lhc Delete 


Press the DEL Key and then line select the identifier. Observe the 
EXEC Key illuminate. 


EXEC Keys. ni cciiashieiiiesitee te tin eet adedtieednesoe neds: Push 
Data previously entered is deleted. Observe NAV DATA page displayed 
with prompts. 


Entering a Crossing Radial (Bearing) or Distance from a Fix as a Route 
Waypoint 


Distance from a fix as a route waypoint 
FIX INEO page sin tts. oc iets isi ein a ate ee ae eee a Select 


Enter the identifier of the reference waypoint (normally an off—route 
waypoint) onto the FIX line. Enter the desired radial or distance from 
the FIX on a RAD/DIS line, or line select the ABM prompt if the 
desired radial or distance from the FIX is perpendicular to the present 
route/course. 


Line select the desired intersection (lines 2L—5L) into the scratch pad 
and observe the new created waypoint displayed as 
FIX/Radial/Distance. 


RIE. LEGS ‘page ieiiscccchscckattvecieeeseiecsclbvenese undoes itiusneeiele eb aiaders Select 


Line select the new created waypoint, displayed in the scratch pad, to 
the desired waypoint sequence. 


Repeat the above steps to define additional created waypoints as 
desired. Correct any ROUTE DISCONTINUITIES. 


EXE@: Key esis covoteinsedeiiael innit aosianddtieleeendsic Push 
Observe the MOD RTE LEGS page changes to ACT. 


Note: These created waypoints are stored in the temporary navigation 
data base for one flight only. 


Inhibiting VOR/DME Use for Position Updating 


Note: This procedure inhibits the use of VOR bearing information or 
DME information for FMC position updating. Use the DEL key 
to remove a VOR or DME from inhibit status. 
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INIT/REF key (prior to U7)... cece ceeeseeseseceeeceseeesecsseeeeeeaeeeseesaeees Push 
Observe the INDEX prompt displayed. 
INIT/REF INDEX (U7 - PROG) page ....... cee eeeeeeeseceseeeteeeneeeaees Select 
Observe the NAV DATA (U7 - nav status) prompt displayed. 
REF NAV DATA (U7 - NAV STATUS) page ....... eee eeeeeeeeeeeee Select 
NAV OPTIONS (U7) ....ceeeceesseeeeteeeeeeeees Select (NEXT/PREV PAGE) 


Observe dash prompts for VOR or DME INHIBIT. Enter the desired VOR 
or DME identifier (a previous entry may be overwritten but will no longer 
be inhibited.) 


Entering a Lateral Offset (U7) 


REE Page. witcesscrcuhs os ccescssutavessecteieecs eral cutecbisiedsteveddeevsepusasy auvadeutess Select 
Observe OFFSET prompt displayed. 

LATERAL OFFSET page ............cssccsccsorseoreesesoneosreetensesentesnessers Select 
Observe the dash prompts for OFFSET DIST. 

OFFSET DIST. svcscsdedess cdasessedecesutviderevond doevphcteed tbe teasseseatabusvevescdents Enter 


Enter desired offset distance using formal Lxx or Rxx for left or right offset 
up to 99 nm. Observe the dash prompts for START WAYPOINT and END 


WAYPOINT. 

START/END: WAY POINT ssis.ccestegesndsadatevacd cascielaascaiadesnsasighessdcensees Enter 
If no start/end waypoint is entered, offset will begin/end at first/last valid 
offset leg. 

FMC Navigation Check 


If the IRS NAV ONLY, VERIFY POSITION or UNABLE REQUIRED 
NAV PERFORMANCE - RNP message is displayed in the CDU 
scratch pad, or course deviation is suspected, accomplish the following 
as necessary to ensure navigation accuracy: 


Ensure that one VOR is operating in the AUTO tuning mode so that 
the FMC can update its position if navaids are available. Check the 
(prior to U7) PROGRESS or (U7) NAV STATUS page to ensure that 
radio updating is occurring. In some cases, it may be necessary to 
switch both VOR's to the AUTO mode to achieve radio updating. 


Determine the actual airplane position using raw data from the VHF 
navigation or ADF radios and compare that position with the FMC 
position. (Use the FIX page.) 
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If radio navaids are unavailable, compare the FMC position with the 
IRS positions using the POS REF page of the FMC CDU. If the two 
IRS positions are in agreement and the FMC position is significantly 
different, the FMC position is probably unreliable. The POS SHIFT 
page may be used to shift the FMC position to one of the IRS 
positions. This is accomplished by line selecting the IRS or radio 
position and then pressing the EXEC Key. 


Confirm actual position with ATC radar or visual reference points if 
available. 


Navigate using the most accurate information available. The 
possibilities are: LNAV (continue to monitor FMC position using 
VOR/ADF raw data displays on the non—flying pilot's EHSI). 


CAUTION: Navigating in the LNAV mode with an unreliable 
FMC position may result in significant navigation 
errors. 


Conventional VOR/ADF procedures. Radar vectors from ATC. Dead 
reckoning from last known position. Alternate Navigation System 
(ANS). Use of visual references. 


Lateral Navigation Using the AN/CDU 
Entering Active FMC Flight Plan into AN/CDU 


INTT/REE Key -ecisevez ahvecsos dea iabh naaveie hcg eee este liel Ancora Push 
Observe the INDEX prompt is displayed. 
INIT REF INDEX: pa G65. cc.sscesScdascatiecsg os cecwsttiveeshdvehesbicstantedesesss Select 


Press the INDEX prompt. Observe the INIT REF INDEX page displayed 
and the IRS NAV prompt in line (5R). 


IRS’ LEGS ' pase esi: nssiee nets: ci eet setia noel decs wenn aoe Select 


Press the IRS NAV prompt. Observe the IRS LEGS page displayed and the 
prompt in line 5L: CROSSLOAD prompt if an active FMC flight plan 
exists; LAST FMC PLAN prompt if the FMC has failed and an active 
FMC flight plan existed prior to the failure. 


FMC fhight:plan sosc.nctecessm ett h tend nie Gee eed neces Enter 


Line select 5L to display the active (or most recent) flight plan. A 
maximum of 20 waypoints can be displayed. Undefined procedural legs 
contained in the FMC flight plan are bypassed in the AN/CDU flight plan. 
Modify the flight plan if desired. 
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EXEC Key sisstieiieedensteteegtbetbetabsatetasectetelieuellseustes scuetesastenetiedeedgeuiente Push 
Observe the IRS LEGS page changes to ACT. 


Note: If the present FMC flight plan exceeds 20 waypoints: Repeat 
the above procedure during flight to update the AN/CDU flight 
plan with additional waypoints. 


Manual Entry of AN/CDU Flight Plan 


INED/REE key 22. ctl i ea ea se ee a Push 
Observe the INDEX prompt is displayed. 
INU REFUNDEX: page ssciccetischeaes dunes decsote tas codessvaiu cae oweesdessposdeess Select 


Press the INDEX prompt. Observe the INIT REF INDEX page displayed 
and the IRS NAV prompt in line (5R). 


IRS: EEGS spate site eocteczetices sos eandisgatneate viv ateins dhoceeddbovsel seevenaeeens Select 
Key any of the following into the scratch pad: 


- For a crew assigned identifier, key in the identifier (6 characters 
maximum) followed by latitude and longitude (for example, 
SIMONE/N4802.2W 12241.3). 


-For an AN/CDU assigned identifier, key in only latitude and longitude 
(for example, $3618.5E14136.9). The AN/CDU assigns a sequential 
identifier WPTO1, etc. 


-If repeating an identifier which is already in the flight plan, key in only the 
identifier (for example, SEA). 


Enter each waypoint into the route by line selecting to the desired 
sequence. A maximum of 20 waypoints can be in the flight plan at any one 
time. If required, additional waypoints can be entered as the flight 
progresses. 


EXE@ ‘Ke yi fehhsitshsceendhs Gases feaesial ested: hte Gatien aes eetesteats Push 
Observe the IRS LEGS page changes to ACT. 
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Proceeding Direct to a Waypoint 


IRS: LEGS page: ..scisecude.cevaie. tect teat caeited edie da diate Select 
Key any of the following into the scratch pad: 


- For a crew assigned identifier, key in the identifier (6 characters 
maximum) followed by latitude and longitude (for example, 
SIMONE/N4802.2W 12241.3). 


-For an AN/CDU assigned identifier, key in only latitude and longitude 
(for example, $3618.5E14136.9). The AN/CDU assigns a sequential 
identifier WPTO1, etc. 


-If repeating an identifier which is already in the flight plan, key in only the 
identifier (for example, SEA). 


On page 1/XX, line IL, enter the desired waypoint over the presently 
active waypoint. 


EXEC keyincnni cial eatin utd iinet ieee atelier sien a Push 
Observe the MOD IRS LEGS page changes to ACT. 
Route Modification 
IRS: LEGS pases cacetes iia ee nate aie aitentinasiioenaes Select 


Line select existing waypoints in the desired sequence. 
Key in any new waypoints in the scratch pad and line select into the flight 
plan. 

EXE©. Key’ sas sesiee Hin cae a ee ads ee ee Push 
Observe the MOD IRS LEGS page changes to ACT. 


Vertical Navigation Using the FMC/CDU 


Temporary Level Off During Climb or Descent (Not at FMC Cruise 
Altitude) 


MCP altitude selector .0...............ccccccccccecsessssssscccccecseesessssssesccesceeeensenes Set 


Set level—off altitude. Observe VNAV ALT on the flight mode annunciator 
as level—off is initiated. 


MCP N1 light will extinguish if leveling from a climb. 
N1 Limit changes to CRZ if leveling from a climb. 


To Continue Climb or Descent 


MCP altitude selector .................ccsccccccceccsssssssscscccecseeeessssvsssccesseesenseees Set 
Set level—off altitude. 
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VINAV AS WIlCI 5s sn3ho Seed cossnnsbesslaabedebnaaeha Ss Qelbascnelalacasibia habeassiaeasadene ts Push 


Observe climb or descent initiated. Mode annunciations appear as initial 
climb or descent. 


Entering Waypoint Speed and Altitude Restriction (On Climb or Descent 
Legs Only) 


RTE-LEGS page? iieiccvsliennin ies iil hat ise canines Select 


Key-—in the desired speed and altitude, or speed only (followed by /), 
or altitude only, into the scratch pad. 


Minimum speed values permitted are 210 knots for climb waypoints 
and 150 knots for descent waypoints. 


An altitude followed by A or B signifies a requirement to be “at or 
above” or “at or below” that altitude at the waypoint (for example, 
key—in 220A or 240B). 


Line select to the desired waypoint line. 


EXEG Keys S ein ioe ih iid acid ia iid he eieeancet. Push 
Observe the MOD RTE LEGS page changes to ACT. 


Note: This changes any prior speed and altitude restriction at this 
waypoint. 


Deleting Waypoint Speed and Altitude Restriction 
REB- LEGS: pages arcs si2chis ideefhsideseusaiancd slbeetisteestipleie deca oteatdsdandbartestts Select 


Press the DEL key to enter DELETE in the scratch pad. Line select to 
the appropriate waypoint line. 


EXEC Key 2.20 tien nad Ban ied Ane BU i ew Push 


Observe the MOD RTE LEGS page changes to ACT and the restriction is 
deleted and replaced with an FMC predicted value (small size characters). 


Changing Speed and/or Altitude Restriction During Climb or Descent 
CLB/DES pases fess aratsiscats fetish dati adda isn Select 


Press the DEL key to enter DELETE in the scratch pad, or key—in the 
desired speed and altitude in the scratch pad. Line select to the SPD 
REST line. 
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EXEG Key cestestibeticsineiens! lesiesltutiets bethatalivieighe santos seesladioleveasuzeaveselieents Push 


Observe the MOD CLB or MOD DES page changes to ACT (or 
pre-planned) and the restriction is changed or deleted. 


Changing Climb/Cruise/Descent Speed Schedule 
CLB/CRZ/DES ‘pase sgsccecest seuss Sevevei desevons da opiedesters dessa ticateee stest Select 


Select the prompt for the desired climb/cruise/descent schedule, or 
key—in the desired speed in the scratch pad and line select to the TGT 
SPD line. 


EXEC Key <ceie ects tihaeiitss poten i ial eesti dat dati de Push 


Observe the MOD CLB, MOD CRZ, or MOD DES page changes to ACT 
(or pre-planned) and the new speed schedule is specified. 


Early Descent 


MCP altitude selector ........ cece cccccccesesescceececccsssesseesceecececesseuseeeeess Set 


DES pages yee ascececeeiseeeceineeieeisivess tates cat os si ade eee eceeeenesi es Ae Select 
Line select the CAPTURE prompt. 

EXEC key sists. sinvatalde tine alan iieiikinis aden an Push 
Observe the MOD DES page changes to ACT. Observe descent is initiated 
(if VNAV engaged). 


Note: For a PATH DES, this will result in a 1000 FPM rate of descent 
until the planned path is intercepted. For a SPD DES, this will 
result in an idle thrust normal rate of descent. 


Step Climb or Descent From Cruise 


MCP altitude selector ........ cece ccccceseseseccesecccccsssesseesceeecescesseseueeeess Set 


CRZ page os. seselssit nee eee ee Geetha: ee ee iad Select 


Enter new altitude on the CRZ ALT line. The display changes to 
MOD CRZ CLB or MOD CRZ DES. 


If the desired climb/descent speed is different from the displayed 
cruise speed; manually enter the desired TGT SPD, or use access 
prompts to select the desired CLB/DES page. 
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EXEC Key 9: cstegsioedey laden iatbetsbstieden seceteus canletseusbeg teenies elewebeoloerseghuyeess Push 


Observe the MOD CRZ CLB/MOD CRZ DES page (or other selected 
MOD CLB/MOD DES page) changes to ACT. Observe climb/descent is 
initiated at the TGT SPD (if VNAV engaged). 


Performance and Progress Functions of the FMC/CDU 


Determining ETA And Fuel Remaining For New Destination 
REE Pa Sees ss cusses suebstsiteudhssedeenssutedand eduatsqaeheasseiges shvesustgscteascetegtoanasesy Select 


Enter the new destination over the original DEST. Enter correct 
routing to the new destination using the RTE, RTE LEGS, and 
ARRIVALS pages, as appropriate. Correct any ROUTE 


DISCONTINUITY. 

PROGRESS page ise.csc cagetedisecis Bisbee ieee aden, ei eae Select 
Observe the new destination with a MOD title. Check ETA and FUEL 
remaining. 

RPE Paeeencatnsiese Nuc chs Nee watigiavhs Rivas ceded onsanenteceuatacoeeeeuare Ss aeeatene Select 


EXEC or ERASE the new destination/routing, as desired. Observe the 
MOD RTE page changes to ACT. 


Estimated Wind Entries For Cruise Waypoints 


REESLEGS: page ss iedawsecsesns eet. tee dl ciucouteneveletines outer eee tots Select 
Observe the DATA prompt displayed. 


RIE DATA pate@isiteisentnttacticitieih hel itt Noevccetagibenacilaest Select 


Enter the estimated true wind direction/speed on the appropriate 
line(s). 
Step Climb Evaluation 
CRZ page eeiniis sind eile athe cain adit annie auth a eae Select 


Enter the desired step climb altitude on the STEP TO line. If known, 
enter the estimated average true wind direction/speed for the desired 
step climb altitude on the ACTUAL or EST WIND line. 


Step climb: Savin gs*, .s:2s.:sscesesceesseessabesscaysassateaterosdegentsaneetysieaedte Determine 


Observe the fuel SAVINGS/PENALTY and FUEL AT 
(destination) lines to determine if a higher cruise altitude is advantageous. 
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If step climb fuel savings are significant, use the appropriate climb 
procedure to initiate climb to the higher altitude when NOW is 
displayed on the STEP POINT line. 


Note: Step climb evaluations do not consider buffet margin limits. 
If the altitude entered for the step climb evaluation is higher 
than the maximum altitude for flight with an adequate 
buffet margin, the message “MAX ALT FLXXX” will be 
displayed in the scratch pad. Ensure that the new cruise 
altitude entered for the climb is at or below the MAX ALT 
displayed in the message in order to maintain a safe buffet 
margin. 


Entering Descent Forecasts 


DES pages shed oes reni ee Aen in eed eee eae Select 
Observe the FORECAST prompt displayed. 
DES FORECASTS page esncctsentes toieschacs eaves shi coteetvvore ls elie Select 


Verify the TRANS LVL and revise if required. Enter anticipated TAI 
ON/OFF altitudes if appropriate. Enter average ISA DEV forecast for 
descent and destination QNH. (U3 and on) Enter forecast descent 
WINDs (for up to three different altitudes). 


EXE CKO Ye 25 cecaestacs gs aeiaac codes iaaa et saad vos Fats ped useah doesn oad sdaebol sdaestesdeneess Push 
Observe the MOD DES FORECASTS page changes to ACT. 
RTA Navigation Using the FMC/CDU 


Note: An active FMC flight plan complete with all performance data 
must exist before the required time of arrival (RTA) mode can 
be used. 


Entering an RTA Waypoint and Time 
REA: PROGRESS ‘pase: serctes. 2: sess resgssesecstivt suns ceateitueaceaieh. obese eae cee Select 


On PROGRESS page 2, line 1L, enter the flight plan waypoint where 
the required time of arrival is applicable. Observe the MOD RTA 
PROGRESS page displayed with the computed ETA, for the entered 
waypoint, displayed under RTA in line 1R. 
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Enter into line 1R, the required time of arrival in hours, minutes and 
seconds using a six—digit number; (Examples: 174530, 1745, 
1745.5). Observe MOD RTA PROGRESS page displayed with 
pertinent data for complying with entered RTA. Observe EXEC key 
illuminated. 

EXEG Ke yiveittn hid cette tiger, eles Wave es Oe na eee es Push 
Observe the ACT RTA PROGRESS page displayed. 


Entering Speed Restrictions For RTA Navigation 
PERE LIMITS page scat. ceccssoueds see teenetileass eis abit ch deceit Select 


Enter minimum or maximum speed restriction for RTA navigation in 
lines 2, 3, or 4 depending on phase of flight. Observe RTA parameters 
change to reflect new limits (RTA PROGRESS page) and EXEC key 
illuminated. 


EXEC ‘Key tcicicten lieth ei A ane dae ee ee Push 
Observe MOD PERF LIMITS page change to ACT PERF LIMITS page. 


Note: Entered restrictions on line 2, 3 and 4, also restrict other 
navigation modes such as ECON. 


Entering New Time Error Tolerances For RTA Navigation 
PERF LIMTES pases scott iessivsetteahsil eis lees ealasseecdaneetgieeey ee yeceenbes Select 


Enter desired time error tolerance (6 to 30 seconds) for the RTA 
waypoint on line 1L (Example: 25). Observe MOD PERF LIMITS 
page displayed and EXEC key illuminated. 


Observe the ACT PERF LIMITS page displayed. 
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Fuel Section 12 
Fuel Balancing 


Maintain main tank No. | and No. 2 fuel balance within limitations. 


Note: Fuel pump pressure should be supplied to the engines at all 
times. At high altitude, without fuel pump pressure, thrust 
deterioration or engine flameout may occur. 


If the center tank contains fuel: 


Center tank fuel pump SWitches ..........cceeeeesecesteeeeneeeeteeseneeeeees OFF 
Crossieed SeleCtOr siscc.s, cee. easiest Fed RA eee es ee Open 
Fuel pump switches (low tank) 200... cee eeeceeesceceteceeseeeeneeeeeaeeeees OFF 


When quantities are balanced: 


Fuel pump switches (main tank) 0.0.0... eeeeesceeeeeeceeeeeeeeeeeeees ON 
Center tank fuel pump SWitches 0.0.00... ceeceseeeesteceseeeeeneeeeaeers ON 
Crossteed:SeleCtor {icici cssdtiaeee tie ie cons Wier ee tiedee eee hentee Close 


If the center tank contains no fuel: 
Crossfeed:SeleCtOr iin. ccsekecses ce ieeastees eousies Makeseatetice tedeaesstastec easehea Open 
Fuel pump switches (low tank) 20.0... .ceeceecceeeeeceteceeeeeeeneeeeeneeeees OFF 
When quantities are balanced: 
Fuel pump SWitches ............:cccscccsssscssscccsncecsencsssesessesoesncersaceosees ON 


Crossfeed SCleCtOr sec secsdsscestessd ates recousnaacadcoaa sectors sacdoossagton’s Close 
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Refueling 


Fuel Load Distribution 


Main tanks No. | and No. 2 should normally be serviced equally until full. 
Additional fuel is loaded into the center tank until the desired fuel load is reached. 


Note: Main tanks No. | and No. 2 must be scheduled to be full if the 
center tank contains more than 453 kilograms of fuel. With less 
than 453 kilograms of center tank fuel, partial main tank fuel 
may be loaded provided the effects of balance have been 
considered. 


Fuel Pressure 


Apply from a truck or fuel pit. A nozzle pressure of 50 psi provides approximately 
1136 liters per minute. 


Normal Refueling 


When a full fuel load is required, the fuel shutoff system closes the fueling valves 
automatically when the tanks are full. When a partial fuel load is required, the fuel 
quantity indicators are monitored and the fueling valves are closed by manually 
positioning the fueling valve switches to CLOSED when the desired fuel quantity 
is aboard the airplane. 


Refueling with Battery Only 


When the APU is inoperative and no external power source is available, 
refueling can be accomplished as follows: 


Battery, Switehi.i.secs.ccatleccseretswsl Selenite stead aetna let tabs ON 
Standby power SWitCH oe eeeeeeesseceneeeeceeceseeesesesessaeenseeseeeees BAT 


The battery operates the entire fueling system normally, including the 
gages and fuel shutoff system. The only limitation during this type of 
operation is the battery life. 


Refueling with No AC or DC Power Source Available 


When it becomes necessary to refuel with the APU inoperative, the 
aircraft battery depleted, and no external power source available, 
refueling can still be accomplished: 


Fueling hose nozzle ..............0. Attached to the refueling receptacle 
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Fueling valves ........ cee eeeeseeeeenees Open for the tanks to be refueled 


Note: Main tanks No. 1 and No. 2, and the center tank refueling 
valves each have a red override button that must be pressed 
and held while fuel is being pumped into the tank. 
Releasing the override button allows the spring in the valve 
to close the valve. 


Caution must be observed not to overfill a tank, since there is no 
automatic fuel shutoff during manual operation. When the desired 
amount of fuel has been pumped into the tanks, the refueling valves for 
the respective tanks can be released. Main tanks No. 1 and No. 2 may 
also be refueled through filler ports over the wing. It is not possible to 
refuel the center tank externally. 


Ground Transfer of Fuel 


Fuel can be transferred from one tank to another tank by using the appropriate fuel 
pumps, the defueling valve and the crossfeed valve. AC power must be available. 
To transfer fuel from the main tanks to the center tank: 


Main tank fuel pump SWitCheS ...... eee eeeeeeceteeeneeeeeeneeeseeeseeeaeenaees ON 
Crossteed Selector :..2.cAcscecei tient lieth lad edaliatipdees Open 
Manual defueling Valve 0... eee eseeseeeseecesecseesseeceeecseeseaeesaeeeneesaes Open 
Center tank fueling valve SWitCh ...... eel eceeseeeeeceseeeeeceeesneseneeeaes OPEN 
Fuel transtetiss s.ashinccreitiac tine bani nek oun died Monitor 


The center tank fuel quantity indicator shows an increase in fuel. The main 
tank indicators show a decrease in fuel. 
Center tank fueling valve SWitCh ..... eels eeeeeseeeeeteeeeeeeeeeees CLOSED 


When the required amount of fuel has been transferred, the switch is closed 
at the fueling panel. 


Manual defueling Valve 0... eee escseceeseeeesecneeeeeeceeesseessaeeseeseneesaes Close 
Crossteed SEleCtOr A sicischscbeetes iden sacl cipebel decbotawsathloceeitiedteuti aiipetegeciess Close 
Main tank fuel pump SWitcheS «0.0... eee eseeeeeeneeeseeeseeeseeeseeeseeeneeees OFF 
Maiti Pans -eis..2i.2.dysesse gntecwstveansevtens esl eeaies ie ceereiotebaginiedesisietesbtvatess Refill 
Refueling panel and defuel panel access COOP ......... ec eeeeeseeseeees Close 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE SP.12.3 


a aaa ay Procedures - DQ: BOEING 


737 Operations Manual 


Fuel Crossfeed Valve Check 


Crossfeed Selector ............cccccccsssssssvescccccccccecsessssscccscecsceasnssevescccsseees Close 


Verify Crossfeed VALVE OPEN light illuminates bright and then 
extinguishes. 


Fuel Quantity Indicators Test 


Note: With a fuel quantity indicator inoperative, a zero fuel quantity 
input will be sent to the fuel summation unit causing a possible 
FMC gross weight error. 


Fuel quantity test Switch ........ceeeceecesseeeeneeeeseecesneeeeaeeeees Push and hold 
Hold until the fuel quantity indicators drive to zero and “ERR 4” is 
displayed. 


Note: Do not push the QTY TEST switch when the airplane is being 
fueled. This will cause inaccurate indications at the external 
fueling panel. 


Fuel quantity test SWitch 20.0... ceccceeccceeseceesceceneeceeeeeeneeeeseeeeaeeeeaees Release 
Releasing the test switch initiates a self-test. The fuel quantity indicators 
display: 


All segments for two seconds 

Blank for two seconds 

Stored error codes (if any) for two seconds each 
Indicator full scale value for two seconds 


Actual fuel quantity. 
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Adverse Weather Section 16 


Introduction 


Airplane operation in adverse weather conditions may require additional 
considerations due to the effects of extreme temperatures, precipitation, 
turbulence, and windshear. Procedures in this section supplement normal 
procedures and should be observed when applicable. 


The following recommendations apply to adverse weather operations in general: 

¢ Do not use assumed temperature reduced thrust for takeoff on a 
contaminated runway. 

¢ V1 may be reduced to minimum V1 (assuming all weight 
limitations are considered) to provide increased stopping distance 
performance. 

¢ Takeoffs on slippery runways are not recommended if the 
crosswind exceeds 15 knots or when slush or wet snow is more 
than 1/2 inch (13mm) in depth. 

¢ Improved stall margins can be achieved by the following: 
¢ If excess runway is available, consider using improved climb procedures 
for flaps 1 or 5 (737-300) or flaps 5 (737-400/500.) 
¢ If runway is limited for the planned takeoff flap setting, consider using 


the next greater flap position with improved climb performance. This will 
provide additional stall margins with minimum performance penalties. 


Cold Weather Operation 
Considerations associated with cold weather operation are primarily concerned 
with low temperatures and with ice and snow on the airplane, ramps, taxiways and 
runways. 
Icing conditions exist when TAT is 10°C (50°F) or below and: 
* visible moisture (clouds, fog with visibility less than one mile, rain, 
snow, sleet, ice crystals, and so on) is present, or 
¢ standing water, ice, or snow is present on the ramps, taxiways, or 
runways. 


CAUTION: Do not operate engine or wing anti-ice when the total 
air temperature (TAT) is above 10°C (50°F). 
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Preflight 


Although removal of surface snow, ice or frost is normally a maintenance 
function, the flight crew should use additional care and scrutiny during preflight 
preparation to inspect areas where surface snow or frost could change or affect 
normal system operations. 


Exterior Safety Inspection 


SUITACE oh cssedovecitecescatsontiasaeahbiteccadbacnsguestucgenndelaberdeathesdeaost toerepestedines Check 


Takeoff with light coatings of frost, up to 1/8 inch (3mm) in thickness on 
lower wing surfaces due to cold fuel, is permissible; however, all leading 
edge devices, all control surfaces, tab surfaces, upper wing surfaces and 
balance panel cavities must be free of snow or ice. 


Thin hoarfrost is acceptable on the upper surface of the fuselage provided 
all vents and ports are clear. Thin hoarfrost is a uniform white deposit of 
fine crystalline texture, which usually occurs on exposed surfaces on a 
cold and cloudless night, and which is thin enough to distinguish surface 
features underneath, such as paint lines, markings or lettering. 


Landing: Sear doors :2:csssces. sod pies aeeesteenseeseaeee tied ieiees oaseesivesiestens Check 


Landing gear doors should be free of snow or ice. 


Air conditioning inlets and eXits oc. eeseeseeeeeeeseessseseeeceseeeneenes Clear 
Verify air inlets and exits, including the outflow valve, are clear of snow or 
ice. If the APU is operating, check that the outflow valve is full open. 

ES ime lets). t 45.34 ochlvg scthagssecdet caesechoteudls taehedolsed Mgheeteahisniseittteeie dd Clear 
Check inlet cowling free of ice or snow and verify the fan is free to rotate. 


APU ‘airanlets:: cssccessctisecvisoe Giacomini eeaeh eae A eee Check 
The APU inlet door and cooling air inlet must be free of snow or ice prior 
to APU start. 

Fue] tank: Vents eo secie cs cioe a deessce seats aves cg eages vues cannes cuasevereedseeseans bonteeeas Clear 


Pitot:statie ports sec. yore ete endear teatin dae ave Clear 


Check all pitot probes and static ports free of ice and snow. Water rundown 
after snow removal may refreeze immediately forward of static ports and 
cause an ice buildup which disturbs airflow over the static ports resulting 
in erroneous static readings even when static ports themselves are clear. 
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Flight Deck Preparation 


PIL OU HEAR oo ccaetssoccesescesadtsces eens bas fees ati bec reece het ON 
All probe heat lights — extinguished. 


Fi sht cOmtrols's ise. seseistiiespeetl eee seteseeedinld nests seeehel se apleneteiesentess Check 


This check should be accomplished whenever the airplane has been 
exposed to snow, freezing rain or other conditions which could restrict 
flight control movement. 

Increase in control forces can be expected at low temperatures because of 
increased resistance in cables and thickened oil in snubbers and bearings. 
If any flight control is suspected of binding or restricted movement, 
maintenance personnel should accomplish the appropriate portion of the 
flight control checks in SP.9, supplementary procedures 


Engine Start 


Accomplish a normal engine start with the following modifications: 
¢ If ambient temperature is below -35°C (-31°R), idle the engine for 
two minutes before changing thrust lever position. 
¢ Up to three and one-half minutes may be allowed for oil pressure 
to reach the minimum operating pressure. During this period, the 
LOW OIL PRESSURE light may remain illuminated, pressure 
may go above the normal range and the FILTER BYPASS light 


may illuminate. Operate the engine at idle thrust until oil pressure 
returns to the normal range. 


After Start 


Electrical power. sicscd:incts eee nh eee eases Generators ON 


Normally the generator drive will stabilize within one minute, although 
due to cold oil, up to five minutes may be required to produce steady 
power. 


Flight controls isc. ivesiaiaieinten sc tec ate eee cee eee eee Check 


Move flight controls through full travel to ensure freedom of movement. 


Flaps. ocd see otivsns cid case ariablcts Sauce ichsc va ee seat heel eet Check 


Move flaps through full travel to ensure freedom of movement. 


CAUTION: The flap position indicator and leading edge devices 
annunciator panel should be closely observed for 
positive movement. If the flaps should stop, the flap 
lever should be placed immediately in the same 
position as indicated. 
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Engine Anti-Ice Operation—On the Ground 


Engine anti—ice must be ON during all ground operations when icing conditions 
exist or are anticipated. 


WARNING: Do not rely on airframe visual icing cues before 
activating engine anti—ice. Use the temperature and 
visible moisture criteria. 


When engine anti—ice is required (on the ground): 
ENGINE START switches .00.... cece eeeeeeeeeseeseeeeneeeseeeeeeeseeeneees CONT 
ENG ANTI-ICE switches 
COWL VALVE OPEN lights — illuminated dim 
COWL ANTI-ICE lights — extinguished 


Note: If COWL VALVE OPEN lights remain illuminated bright 
with engines at IDLE, position APU BLEED air switch to 


OFF and increase thrust slightly (up to a maximum of 
30% N1). 


Engine rUN—Up 00... eee eeeeeeeeeeeeeeeeseeeeneennees Accomplish as required 


Run-up to as high a thrust setting as practical (70% N1 recommended) 
at 30 minute intervals for approximately 30 seconds duration. 


Wing Anti-Ice Operation—On the Ground 


Wing anti—ice must be ON during all ground operations between engine start and 
takeoff, when icing conditions exist or are anticipated, unless the airplane is 
protected by the application of Type II or Type IV fluid in compliance with an 
approved ground deicing program. 


WARNING: Ground use of the wing anti—ice system is intended to 
complement, and not replace, ground 
deicing/anti-icing and inspection procedures. Close 
inspection is still required to ensure that no frost, 
snow or ice is adhering to the wing, leading edge 
devices, stabilizer, control surfaces, or other critical 
airplane components at takeoff. 


WING ANTI-ICE switch 000... eeeeeeeceneeeeeeeeeneeesaeeeaeones As required 


Copyright © The Boeing Company. See title page for details. 


SP.16.4 D6-27370-400E-TBCE December 1, 2000 


Supplementary Procedures - 
QSOEING Adverse Weather 


737 Operations Manual 


If wing anti—ice switch is ON: 
VALVE OPEN lights — illuminated dim 


Note: The wing anti-ice VALVE OPEN lights may cycle 
bright/dim due to the control valves cycling closed/open 
in response to thrust setting and duct temperature logic. 


Taxi-—Out 


Nose wheel steering .......... cee eeseeseeseceseeeseeeseeeseeeseeceeeeseeeseseaeeeseeens Check 


Nose wheel steering should be exercised in both directions during taxi to 
circulate warm hydraulic fluid through steering cylinders and minimize 
steering lag caused by low temperatures. 


laps 2:itats tats Aisth ete tacasi eaten a atone: As required 


If taxi route is through slush or standing water in low temperatures or if 
precipitation is falling with temperatures below freezing, taxi with flaps 
up. Taxiing with flaps extended subjects the flaps and flap drives to snow 
and slush accumulations from the main gear wheels. Leading edge devices 
are also susceptible to slush accumulations. 


If exterior deicing is required: 


FLAPS. aces cee ethan ok ates stad Retecsheve so diaes ieace beaas eeseenl oes ee UP 


Prevents ice and slush from accumulating in flap cavities. 


PATUSE LCV ERS 8 io 528 betel hescetobicet Nl acolh cacaunvan Bh vodesesv oben cade hooseeds Idle 


Reduces the possibility of injury to personnel at inlet or exhaust areas. 


Stabilizer trim ....... eee eee c cece eeeeeeeeeeceeeeees Full APL NOSE DOWN 


Set stabilizer to the APL NOSE DOWN limit to prevent deicing fluid 
and slush run—off from entering the stabilizer balance panel cavity. 


Trim the airplane to the electrical APL NOSE DOWN limit. Then 
continue trimming manually to the manual APL NOSE DOWN limit. 


WARNING: To avoid personal injury, ensure that the stabilizer 
trim wheel handle is stowed prior to using electric 
trim. 

APU and engine BLEED air switches .00...... ec ee eeeeseeeeeeneeeeeeees OFF 


Reduces the possibility of fumes entering the air conditioning system. 
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APU es tuesheeditbedsadbsloesl gates ls stlebsde oui sladtetasstavestyoneriorvieresceten As required 


If not required, the APU should be shut down to eliminate the 
possibility of deicing fluid entering the APU inlet. 


CAUTION: With APU operating, ingestion of deicing fluid 
causes objectionable fumes and odors to enter the 
airplane. This may also cause erratic operation or 
damage to the APU. 


Wait approximately one minute after completion of deicing to turn 
engine BLEED air switches on to ensure all deicing fluid has been 
cleared from the engine: 


Engine BLEED air SWitches 2000.0... eee eeseeseceseeeseeeeeeeseeeseeeseeeneeens ON 
Before Takeoff 
Plapsusiticid acti tats ciate vida iste edaon oleic at enue aetictetedh tee teaeteeee Set 


Extend the flaps to the takeoff setting at this time if they have been held 
due to slush, or standing water or icing conditions. 


BEFORE TAKEOFF Checklist... eeeecsseeeesecseeseeeeeneeees Accomplish 


To ensure the airplane is configured for takeoff, accomplish the complete 
BEFORE TAKEOFF checklist. 


If airplane deicing was accomplished: 


A visual inspection of the airplane wings should be made just prior 
to takeoff. 


Engine TUNUP ....... eee eeeeeeneeeseeeseeceneeeseesneoeneesaes Accomplish as required 
If moderate to severe icing conditions are present, takeoff roll must be 
preceded by a static run—up to 70% N1 and stable engine operation 
observed prior to brake release. If the airplane starts to slide on ice or snow 
during engine power check, release brakes and begin takeoff roll. Continue 
engine check during early part of takeoff roll. 


Climb and Cruise 


Note: After the flaps are up, wing anti—ice should be used to melt any 
accumulation of slush. 


Engine Anti-Ice Operation-Inflight 


Engine anti—ice must be ON during all flight operations when icing conditions 
exist or are anticipated, except during climb and cruise when the temperature is 
below —40°C SAT. Engine anti—ice must be ON prior to, and during, descent in all 


icing conditions, including temperatures below —40°C SAT. 
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When operating in areas of possible icing, activate engine anti-ice prior to 


entering icing conditions. Late selection of engine anti—ice may allow inlet ice 
buildup and ice shedding into the engine. 


WARNING: Do not rely on airframe visual icing cues before 


activating engine anti—ice. Use the temperature and 
visible moisture criteria. 


When engine anti-—ice is required inflight: 
ENGINE START sWitches 00.0... ee eeeeeeeseeeeceecnseceeeceeeeeeeeaees CONT 
ENG ANTI-ICE switches 
COWL VALVE OPEN lights — illuminated dim 
COWL ANTI-ICE lights — extinguished 


Note: If COWL VALVE OPEN lights remain illuminated bright 
with engines at IDLE, position APU BLEED air switch to 


OFF and increase thrust slightly (up to a maximum of 
30% N1.) 


CAUTION: Avoid prolonged operation in moderate to severe icing 
conditions. 


Severe icing can usually be avoided by a change in altitude and/or 
airspeed. If flight in moderate to severe icing conditions cannot be 
avoided accomplish the following, on both engines, one engine at a 
time at approximately 15 minute intervals: 


ME RCUSE i. SctalsSeciehsSedes becuse: siddeteas suseeees icnssesoreebalseedssadeenteasotue hs Increase 


Increase thrust to a minimum of 80% N1 to ensure the fan blades and 
spinner are clear of ice. 


Engine vibration may occur due to fan blade/spinner icing. If engine 
vibration continues after increasing thrust, accomplish the 
following on both engines, one engine at a time: 


ENGINE START switch 
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PRTUSt ois ss cstes seeded tential bended bested bectonnl seteedy seded cgasoetede canes steunes Adjust 


Adjust thrust to 45% N1. After approximately five seconds, 
increase thrust lever slowly to a minimum of 80% N1. 


Note: Engine vibration may reduce to a low level before 80% 
N1 is reached, however, thrust increase must continue to 
a minimum of 80% N1 to remove ice from the fan blades. 


Note: Engine vibration may indicate full scale prior to shedding 
ice; however, this has no adverse effect on the engine. 


If vibration does not decrease, accomplish the procedure for HIGH 
ENGINE VIBRATION “Tf not in icing conditions.” 


When engine anti—ice is no longer required: 
ENG ANTI-ICE switches o.... ee ceeceeeeseceseceneeeeceeceseeeseeeaeeeaeees OFF 
COWL VALVE OPEN lights — extinguished 


ENGINE START switches ..........cccecsccescsessececeeeeeeaceceaeeeesneeeneesens OFF 
Wing Anti-Ice Operation-Inflight 


The wing anti-ice system may be used as a deicer or anti—icer in flight. The 
primary method is to use it as a deicer by allowing ice to accumulate before 
turning wing anti—ice on. This procedure provides the cleanest airfoil surface, the 
least possible runback ice formation, and the least thrust and fuel penalty. 


The secondary method is to use wing anti—ice prior to ice accumulation. Operate 
the wing anti—ice system as an anti—icer only during extended operations in 
moderate or severe icing conditions, such as holding. 


Ice accumulation on the flight deck window frames, windshield center post or on 
the windshield wiper arm may be used as an indication of structural icing 
conditions and the need to turn on wing anti-—ice. 


Normally it is not necessary to shed ice periodically unless extended flight through 
icing conditions is necessary (holding). 


CAUTION: Use of wing anti-ice above approximately FL350 may 
cause bleed trip off and possible loss of cabin 
pressure. 


When wing anti-—ice is required: 
WING ANTIFICE SWitch 0... cee eee eeeeeeseceneeeseeseceeeeseeeseesaeeeneeens ON 
R and L VALVE OPEN lights — illuminated dim 
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When wing anti—ice is no longer required: 


WING ANTIFICE SWitch oo... cece ceeeeseceseceseceseeeceesseesseesaeeeneeees OFF 


Note: Prolonged operation in icing conditions with the leading edge 
and trailing edge flaps extended is not recommended. Holding 
in icing conditions with flaps extended is not recommended. 


Approach and Landing 


If ice formations are observed on the airplane surfaces, (wings, 
windshield wipers, window frames, etc.): 


Final Approach Airspeed oo... cece eeeeeeeeeseeeeeeeneeeneees Add 10 knots 


Ensures maneuvering capability. 


Note: The combined airspeed corrections for steady wind, gust, and 
icing should not exceed a maximum of 20 knots. 


Taxi-In and Park 


If prolonged operation in icing conditions with the leading and trailing 
edge flaps extended was required: 


Retraction to less than flaps 15 is not recommended until ice has been 
removed or a ground inspection has been made. 
Etat: ANA CO! 25. oda cadbei scevesss densest batev se. siesontseecbaiseesbeuscetesis ded As required 


If icing conditions exist, engine anti—ice must be ON. 
After landing in icing conditions: 


Stabila Zee Cra 42sec estes 2icdessl sesatysinsetvasdestendensettestciver sch) Set 0 to 2 units 
Prevents melting snow and ice from running into balance bay areas and 


prevents the stabilizer limit switch from freezing. With flaps retracted, 
this requires approximately eight hand wheel turns of manual trim. 


WARNING: To avoid personal injury, ensure that the stabilizer 
trim wheel handle is stowed prior to using electric 
trim. 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE SP.16.9 


Supplementary Procedures - 


Adverse Weather QSOEING 


737 Operations Manual 
Secure (Airplane Attended) 


The following procedure may be used to circulate warm air in the cargo 
and E/E compartments, thereby reducing the possibility of freezing the 
battery or water container. If all doors are to be closed during this 
period, a flight crewmember or cockpit qualified ground crewmember 
must remain in attendance in side the airplane to depressurize in the 
event of inadvertent closure of the main outflow valve. 


APY seceas os hehetegias iets vsti ovkcs bag eke hedeie week Me ate cathe, cadens ache teaees ON 
APU GEN Switches 0.0... .ecccescccesecceseeceseceesneceeaecneaceceneeesaeeseaeeeeaees ON 
One: PACK :SWitch ivsctaiiasctonshteestaphedete iaceaghsontehacdernteuseebetees AUTO 
TSOLATION VALVE switch 20.0... ceecceesceeseeceeeeeneeeeeeeceereeaees AUTO 
Pressurization mode selector ...........c:cceesceeeseeeeeeeceeteeeenreeeees MAN AC 
FLT /GRD  SWit hss cis ics desccatcccs sacccesadesce suv seis ata caneatesace Sedesesssbamieses? GRD 
Outflow valve SWitCH oe cece cecccceseeceseceneeceeecesaeeceaeeeetaeeesaees OPEN 


Prevents aircraft pressurization. 


Note: The airplane must be parked into the wind when the outflow 
valve is full open. 


APU: BLEED SWitch iy sisiseicctescceecse scapes testee ste ceteseeeu Washer te leci eleteds ON 


CAUTION: With packs operating and all doors closed, 
inadvertent closure of the main outflow valve could 
result in unscheduled pressurization of the airplane. 
With the airplane in this configuration, do not leave 
the interior unattended. 


Secure (Airplane Unattended) 


If remaining overnight at off-line stations or at airports where normal support is 
not available, the flight crew should arrange for or ascertain that the following 
actions have been accomplished. 


Pressurization mode Selector .........ccc cc ceeeeeeeeecccccesseeseeeseesceesees MAN AC 
Qutllow Valves csecietceloeceisac th weak eid Aes Aen A reese Closed 
Wheel chocKs 33: c.ichscetseiceiaccls eas Gel ie dnaintaica Check in place 
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Parkin @ibrakes icici:t.ctscestotessateuatendh ooutes eacesddadetrtbathepd foupessereanepiec tentons OFF 
Eliminates the possibility of brakes freezing. 
Protective covers and plUQS 0.0.0... ee eeseeeeeeseceeeseeeeseceseeeseeeneeeees Installed 
Water storage COMTAINETS 00.0... eee eseeseeseceseeeeesseeeeeecseeseaeenseoenes Drained 
"TOG t8\23 eis iit awe cia dade an ed a a eg Drained 
Battery. crviesscsvactsseiate secon ts sateeassudhones eevbbghuabea sb edseabessaetboesapsbedeentie Removed 


If the battery will be exposed to temperatures below -18° C (0° P), the 
battery should be removed and stored in an area warmer than -18° C (0° 
F), but below 40° C (104° F.) Subsequent, installation of the warm battery 
will ensure the starting capability of the APU. 


Doors and sliding WindOWS 1.00.0... ceseeseeseceseceeceseeeneeeeeeseeeaeerseeens Closed 


Hot Weather Operation 


During ground operation the following considerations will help keep the airplane 
as cool as possible: 
¢ If cooling air is available from an outside source, the supply should 
be plugged in immediately after engine shutdown and should not 
be removed until just prior to engine start. 
¢ Keep all doors and windows, including cargo doors, closed as 
much as possible. 
¢ Electronic components which contribute to a high temperature 
level in the flight deck should be turned off while not needed. 
¢ Open all passenger cabin gasper outlets and close all window 
shades on the sun-exposed side of the passenger cabin. 


Brake temperature levels may be reached which can cause the wheel fuse plugs to 
melt and deflate the tires. Consider the following actions: 


¢ Be aware of brake temperature buildup when operating a series of 
short flight sectors. The energy absorbed by the brakes from each 
landing is accumulative. 

e Extending the landing gear early during the approach provides 
additional cooling for tires and brakes. 

¢ In-flight cooling time can be determined from the “Brake Cooling 
Schedule” in the Performance-Inflight section. 

During flight planning consider the following: 


¢ High temperatures inflict performance penalties which must be 
taken into account on the ground before takeoff. 
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¢ Alternate takeoff procedures (No Engine Bleed Takeoff, Improved 
Climb Performance, etc.) 


Moderate to Heavy Rain 


Flights should be conducted to avoid thunderstorm or hail activity by overflight or 
circumnavigation. To the maximum extent possible, moderate to heavy rain 
should also be avoided. 


If heavy rain is encountered: 
ENGINE START sWitches .00.... ce eeeeeeseeeeseeeeeeeneeeneeeneeeeeeeneees CONT 
Thrust: Levers. c..cciecieiesvetsipeeviies tees So indee de ed lenieaeaeeee Adjust Slowly 


If thrust changes are necessary, move the thrust levers slowly. Avoid 
changing thrust lever direction until engines have stabilized at a 
selected setting. 


Turbulence 


During flight in light to moderate turbulence, the autopilot and/or autothrottle may 
remain engaged unless performance is objectionable. Increased thrust lever 
activity can be expected when encountering wind, temperature changes and large 
pressure changes. Short-time airspeed excursions of 10 to 15 knots can be 
expected. 


PassenSer SiQns astateteniit nine eae Senne ON 


Passengers must be advised to fasten seat belts prior to entering areas of 
forecast or suspected turbulence. Instruct flight attendants to check that all 
passengers' seat belts are fastened. 


Severe Turbulence 
PA ULOthPOttle. <..e eee eSeadetsceessend tases vs cdeee si ceteSiacecoaheieoylaveness DISENGAGE 


AUYVOPILOT vices natiteniu ee hweshite ne eed CWS 
A/P status annunciators display CWS for pitch and roll. 


Note: If sustained trimming occurs, disengage the autopilot. 
ENGINE START switches 00.0... cee eeeececsseceeeeseeceeeceeeesaeeseeesaeeaeeesees FLT 


NERIUSE!. is, 2424. cece tiectncsdeezadesesycdesosstoeaesagen Oaes ta teocsateleciatartes ose ueGeete eas Set 


Set thrust as required for the phase of flight. Change thrust setting only if 
required to modify an unacceptable speed trend. 
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PHASE OF FLIGHT AIRSPEED 
CLIMB 280 KIAS or .73 Mach 
CRUISE Use FMC recommended thrust settings. If the 
FMC is inoperative, refer to 


Performance-Inflight section for approximate 
N1 settings that maintain near optimum 
penetration airspeed. 


DESCENT .73 Mach/280/250 KIAS. If severe turbulence is 
encountered at altitudes below 15,000 feet and 
the airplane gross weight is less than the 
maximum landing weight, the airplane may be 
slowed to 250 knots in the clean configuration. 


Note: If an approach must be made into an area of severe turbulence, 
delay flap extension as long as possible. The airplane can 
withstand higher gust loads in the clean configuration. 


Windshear 


Windshear is a change of wind speed and/or direction over a short distance along 
the flight path. Severe windshear is that which produces airspeed changes greater 
than 15 knots or vertical speed changes greater than 500 feet per minute. 


Avoidance 


The flight crew should search for any clues to the presence of windshear along the 
intended flight path. Stay clear of thunderstorm cells and heavy precipitation and 
areas of known windshear. If severe windshear is indicated, delay takeoff or do not 
continue an approach. 
The presence of windshear may be indicated by: 

¢ Thunderstorm activity 

e Virga (rain that evaporates before reaching the ground) 

e¢ PIREPS 

¢ Low level windshear alerting system (LLWAS) warnings 


Precaution 


If windshear is suspected, be especially alert to any of the danger signals and be 
prepared for the possibility of an inadvertent encounter. The following 
precautionary actions are recommended if windshear is suspected: 
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Takeoff 


Use maximum takeoff thrust instead of reduced thrust. 
Use the longest suitable runway. 


Be alert for any airspeed fluctuations during takeoff and initial 
climb. Such fluctuations may be the first indication of windshear. 


Know the all—engine initial climb pitch attitude. Rotate at the 
normal rate to this attitude for all non—engine failure takeoffs. 
Minimize reductions from the initial climb pitch attitude until 
terrain and obstruction clearance is assured, unless stick shaker 
activates. 

Crew coordination and awareness are very important. Develop an 
awareness of normal values of airspeed, attitude, vertical speed, 
and airspeed build—up. Closely monitor vertical flight path 
instruments such as vertical speed and altimeters. The pilot not 
flying should be especially aware of vertical flight path 
instruments and call out any deviations from normal. 

Should airspeed fall below the trim airspeed, unusual control 
column forces may be required to maintain the desired pitch 
attitude. Stick shaker must be respected at all times. 


If windshear should be encountered near VR, and airspeed 
suddenly decreases, there may not be sufficient runway left to 
accelerate back to the normal VR. If there is insufficient runway 
left to stop, initiate a normal rotation at least 2000 feet before the 
end of the runway even if airspeed is low. Higher than normal 
attitudes may be required to lift-off in the remaining runway. 


Approach and Landing 


Select the minimum landing flap position consistent with field 
length. 


Add an appropriate airspeed correction (correction applied in the 
same manner as gust), the maximum command speed should not 
exceed the lower of Vref + 20 knots or landing flap placard speed 
minus 5 knots. 

Avoid large thrust reductions or trim changes in response to sudden 
airspeed increases as these may be followed by airspeed decreases. 
Crosscheck flight director commands using vertical flight path 
instruments. 

Crew coordination and awareness are very important, particularly 
at night or in marginal weather conditions. Closely monitor the 
vertical flight path instruments such as vertical speed, altimeters, 
and glideslope displacement. The pilot not flying should call out 
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any deviations from normal. Use of the autopilot and autothrottle 
for the approach may provide more monitoring and recognition 
time. 


Recovery 


Accomplish the Windshear Maneuver found in Non—Normal Maneuvers section 
of this manual. 
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Panel Arrangement 
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Captain’s Instrument Panel 
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Center Instrument Panel and Lightshield 
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Forward Electronic Panel 
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Map Light Controls 

1 
SIDEWALL PANELS 


MAP Light Control 


Push/Rotate — adjusts brightness of Captain/First Officer map lights. Pull to 
illuminate, and push to extinguish. 


Panel and Background Lighting 


FIRST OFFICER’S PANEL 
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PANEL Light Control 


Rotate — 


¢ Captain’s — controls brightness of Captain’s panel and instrument lighting, 
center instrument panel, and AFDS panel displays and edge lighting 


¢ First Officer’s — controls brightness of First Officer’s panel and 
instrument lighting. 


@p BACKGROUND Light Control 


Rotate — 


¢ Controls incandescent lighting brightness for Captain’s panel, First 
Officer’s panel, and center panel. 


AFDS Flood Light Control 


AFDS FLOOD 
gk! GH; 


CAPTAIN’S PANEL 


AFDS FLOOD Light Control 
Rotate — controls brightness of lighting directed at AFDS panel. 


Flood and Aft Electronic Panel Lights Controls 


AFT ELECTRONIC PANEL 


FLOOD Light Control 


Rotate — controls brightness of overhead spotlight directed at thrust lever 
quadrant. 
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@® PANEL Light Control 


Rotate — controls brightness of forward and aft electronic control panel lights. 


Overhead/Circuit Breaker Panel Light Controls 


Ci ROU! T BREAKER 
gl GH 


FORWARD OVERHEAD PANEL 


CIRCUIT BREAKER Light Control 
Rotate — controls brightness of P—6 and P—18 circuit breaker panel lights. 


@p PANEL Light Control 


Rotate — controls brightness of forward and aft overhead panel lights. 


Dome Light Control 


AFT OVERHEAD PANEL 


DOME Light Control 
DIM - sets overhead dome lights to low brightness. 
OFF — overhead dome lights are extinguished. 
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BRIGHT - sets overhead dome lights to full brightness. 
Master Lights Test and Dim Switch 


CENTER INSTRUMENT 
PANEL 


Master LIGHTS TEST and DIM Switch 


TEST -— illuminates all system lights on forward and aft overhead panels, and 
some lights on Captain’s and First Officer’s instrument panels to full brightness. 


BRT (bright) — sets all system lights on forward and aft overhead panels, and some 
lights on Captain’s and First Officer’s panels to full brightness. 


DIM - sets all system lights on forward and aft overhead panels, and some lights 
on Captain’s and First Officer’s panels to low brightness. 
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Exterior Lighting 
Landing, Runway Turnoff and Taxi Lights 


FORWARD OVERHEAD PANEL 


OUTBOARD LANDING Light Switch 

RETRACT - outboard landing lights are retracted and extinguished. 
EXTEND - outboard landing lights are extended and extinguished. 
ON - outboard landing lights are extended and illuminated. 


@p INBOARD LANDING Light Switch 
OFF — inboard landing lights are extinguished. 
ON - inboard landing lights are illuminated. 


GD RUNWAY TURNOFF Light Switch 
OFF — runway turnoff lights located in leading edge of wing root are extinguished. 


ON — runway turnoff lights are illuminated. 


@p TAXI Light Switch 
OFF — nose wheel taxi light extinguished. 


ON — nose wheel taxi light illuminated. 
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Miscellaneous Exterior Lights 


POS! TI ON ANTI 
STROBE & COLLISION WING 
STEADY OFF OFF 


FORWARD OVERHEAD PANEL 


LOGO Light Switch 
OFF -— logo lights on each side of vertical fin extinguished. 
ON - logo lights illuminated. 


@® POSITION Light Switch 


STROBE & STEADY - illuminates the red and green wingtip position lights, the 
white trailing edge wingtip lights, and the wingtip and tail strobe lights. 


OFF -— position lights extinguished. 
STEADY - illuminates the red and green wingtip position lights and the white 


trailing edge wingtip lights. 
ep ANTI-COLLISION Light Switch 
OFF - red high intensity strobe lights extinguished. 


ON - red high intensity strobe lights on upper and lower fuselage illuminated. 


Gp WHEEL WELL Light Switch 
OFF — three wheel well lights extinguished. 


ON - wheel well lights illuminated for checking landing gear down and locked 
stripes. 


Gp WING Illumination Switch 
OFF — wing leading edge lights extinguished. 


ON - wing leading edge lights on fuselage forward of wing illuminated. 
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Emergency Lighting and Passenger Signs 
Flight Deck 


EMER EXIT LI GHTS 


NO FASTEN 
SMOKING = BELTS 
ra > 


OFF 


FORWARD OVERHEAD PANEL 


Emergency Exit Lights (HMER EXIT LIGHTS) Switch (guarded) 


OFF — prevents emergency lights system operation if airplane electrical power 
fails or is turned off. 


ARMED ~— all emergency lights illuminate automatically if airplane electrical 
power to DC bus No. | fails or AC power is turned off. 


ON - all emergency lights illuminate. 


q@p Emergency Exit Lights EMER EXIT LIGHTS) NOT ARMED Light 
Illuminated (amber) - EMER EXIT LIGHTS switch not in ARMED position. 


Dp NO SMOKING Lights Switch 
OFF — the NO SMOKING signs are not illuminated. 


AUTO - the NO SMOKING signs are illuminated or extinguished automatically 
with reference to airplane configuration (refer to the Lighting System Description 
section). 


ON — the NO SMOKING signs are illuminated. 


@® SEAT BELTS Lights Switch 


OFF — the FASTEN SEAT BELTS and RETURN TO SEAT signs are not 


illuminated. 
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AUTO — the FASTEN SEAT BELTS and RETURN TO SEAT signs are 
illuminated or extinguished automatically with reference to airplane configuration 
(refer to the Lighting System Description section). 


ON — the FASTEN SEAT BELTS and RETURN TO SEAT signs are illuminated. 


Passenger Cabin 


pone ee tc ge 
ON 
«eo —__ 
NORM 
EMER EX! T a 


AFT FLIGHT ATTENDANT PANEL 


Passenger Cabin Emergency Exit Lights Switch (guarded, red) 
ON - all interior and exterior emergency lights are illuminated. 


NORM - Emergency lights OFF unless activated by the flight deck switch. 


Doors 
Cabin Door 
[7 —_ CAB DOR 
1 ( CAB DOOR 
UNLOCKED 


[t>As installed AFT ELECTRONIC PANEL 


Cabin Door (CAB DOOR) Lock Switch 
Illuminated (amber) — cabin door is unlocked. 


Push — with AC power available, locks cabin door. 
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Flight Deck Security Door (As Installed) 


Deadbolt 


q@p Release Pins 


Pull pins inward - manually separates decompression panel from a jammed door 
to allow panel opening and egress. 


€p Decompression Panel 


Provides emergency egress path and automatically opens during cabin 
decompression. 
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Flight Deck Emergency Access Panel 


PASSENGER SIDE DOOR POST 


Keypad 


Push - enters 3 to 8 digit numeric access code. Entry of correct emergency access 
code sounds flight deck chime. 


q@® Access Lights 
Illuminated (red) - door locked. 
Illuminated (amber) - correct emergency access code entered. 


Illuminated (green) - door unlocked. 
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FLIGHT DECK 
ACCESS SYSTEM 


OFF 
: 
NORM 
FLIGHT DECK SIDE DOOR POST 


Flight Deck Access System Switch 
OFF - removes electrical power from door lock. 


NORM (Normal) - flight deck access system configured for flight. 
Flight Deck Door Lock Panel 


AISLE STAND 


LOCK FAIL Light 


Illuminated (amber) - Flight Deck Door Lock selector in AUTO and door lock has 
failed or Flight Deck Access System switch is OFF. 


@p AUTO Unlock (UNLK) Light 


Illuminated (amber) - correct emergency access code entered in keypad. AUTO 
UNLEK light flashes and continuous chime sounds before timer expires and door 
unlocks. 
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ep Flight Deck (FLT DK) Door Lock Selector 


Spring loaded to AUTO. Selector must be pushed in to rotate from AUTO to 
UNLKD. Selector must not be pushed in to rotate from AUTO to DENY. 


UNLKD - door unlocked while selector in UNLKD. 


AUTO - door locked. Allows door to unlock after entry of emergency access code 
and expiration of timer, unless crew takes action. 


DENY - rejects keypad entry request and prevents further emergency access code 
entry for a time period. 


Exterior Door Annunciator Lights 


FwO FWD FWD 
ENTRY carco || SERVICE 

art AFT AFT 
ENTRY cee carco || SERVICE 


FORWARD OVERHEAD PANEL 


0000000 ss=2820000000 0/9} Gooo ooo000000000 
—— 


SERVI CE CARGO CARGO SERVI CE 


Interior Door Annunciations 


Illuminated (amber) — related door is unlocked. 
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Passenger Entry/Galley Service Doors 


ASSI ST HANDLE 


| NSTRUCTI ON 
i its SLI DE PRESSURE 
SLI DE GAUGE VI EWER 
COVPARTIVENT 
STONAGE HOOKS 
G RT 
FLOOR BRACKETS 
G RT BAR 
PASSENGER CABIN 
Oxygen 
Oxygen Panel 


PASS OXYGEN 


OXY PRESS 
PSt X 100 ON 3 


AFT OVERHEAD PANEL 


Flight Crew Oxygen (CREW OXYGEN) Pressure Indicator 


Indicates pressure at the crew oxygen cylinder. 


@® Passenger Oxygen (PASS OXYGEN) Switch 


NORMAL - passenger masks drop and passenger oxygen system is activated 
automatically if cabin altitude climbs to approximately 14,000 feet 
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ON - activates system and drops masks if automatic function fails. 


pp Passenger Oxygen On (PASS OXY ON) Light 


Illuminated (amber) — passenger oxygen system is activated and masks have 
dropped. 


RIGHT FLIGHT DECK BULKHEAD 
BEHIND FIRST OFFICER’S SEAT 


Flight Crew Oxygen (CREW OXYGEN) Shutoff Valve 
TURN COUNTERCLOCKWISE - Allows oxygen to flow. 
TURN CLOCKWISE - Shuts off oxygen flow. 
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Oxygen Mask Panel 


CREWMEMBER STATION (1 each) 


RESET TEST Button 


Push — 
e if mask is stowed, activates oxygen flow momentarily to test regulator 
¢ if mask is not stowed and stowage box doors are closed, shuts off oxygen. 


@p Oxygen Flow Indicator 


Indicates a yellow cross when oxygen is flowing. 


Dp Oxygen Mask Release Levers 


Squeeze and pull — 
¢ releases mask from stowage box 
* activates oxygen when stowage box doors open 
e inflates mask harness when right lever is squeezed 
¢ flow indicator shows a yellow cross momentarily as harness inflates 
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Oxygen Mask and Regulator 


HARNESS 
(shown i nf! at ed) 


M CROPHONE 
REGULATOR 


CREWMEMBER STATION 


NORMAL/100% Switch 


N (normal) — supplies air/oxygen mixture on demand (ratio depends on cabin 
altitude). 


100% — supplies 100% oxygen on demand. 


@p Oxygen Mask EMERGENCY/Test Selector (rotary) 
Rotate — supplies 100% oxygen under positive pressure at all cabin altitudes. 


PRESS TO TEST - tests positive pressure supply to regulator. 


Bp Smoke Vent Valve Selector 
Up - vent valve closed. 


Down - vent valve open, allowing oxygen flow to smoke goggles. 
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Forward Airstairs 


Interior and Exterior Controls 


FWD Al RSTAIR 


FORWARD AIRSTAIR 
FORWARD AIRSTAIR EXTERIOR CONTROL 
INTERIOR CONTROL (below and aft of 
(above forward entry door) forward entry door) 


LIGHTS Switch 


AUTO - the airstair tread lights illuminate automatically upon airstair extension 
and extinguish upon retraction. 


ON - illuminates the airstair tread lights. 


OFF - airstair tread lights extinguish. 


@® Normal Control Switch 
Note: AC and DC electrical power must be available on airplane. 


RETRACT - retracts the airstair. The handrail extensions must be stowed prior to 
retracting the airstair. 


EXTEND -— extends the airstair. 


ep STAIRS Operating Light 


Illuminated (amber) — indicates the airstair is in transit. 


@p STANDBY Control Switch 


Note: Switch must be held in while using EXTEND or RETRACT. Battery 
switch must be ON. For airplanes delivered prior to November, 1991, 
115V AC electrical power must be available. 


Extend — extends the airstair. 


Retract — retracts the airstair. 
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CAUTION: Use of standby bypasses all safety circuits. Airstair handrail 
extensions must be stowed, or substantial damage could result. 


q@p Exterior Control Handle 
Rotate clockwise — airstair extends. 


Rotate counterclockwise — airstair retracts. 


@p Control Handle Release 


Push — extends the exterior control handle. 


NORMAL/STANDBY Switch 
(spring-loaded to NORMAL) 

NORMAL - requires both AC and DC power. 
STANDBY - requires DC power. 
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Water System Controls 


QUANTI TY 


GALLEY AREA 


BELOW AFT ENTRY DOOR 


Water Quantity Indicator 
Push — lights illuminate to indicate quantity of water in reservoir. 


Example: With reservoir half full, the E, 1/4, and 1/2 lights illuminate. 
@p Water System Service Panel 


ep Air Valve 


Pressurizes tank and system when normal pressure sources are not available. 


GD Overflow Fitting 


Prevents overfilling of tank and allows venting of tank when gravity draining. 
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@&p Access Panel 


Cannot be closed unless the fill and overflow valve and tank drain valve handles 
are in the closed position. 


@@ Fill and Overflow Valve Handle 
OPEN - enables filling or gravity draining water tank. 
CLOSED — normal position. 


Fill Fitting 
Used to fill tank. 


@p Tank Drain Valve Handle 
Open — drains water from tank. 


Closed — normal position. 


Lavatory Controls 


O 
08 


LAVATORY SINK CABINET 


Water Heater Switch 


On — activates the water heater. 


@p Water Heater Light 


Illuminated — heater operating. 


Copyright © The Boeing Company. See title page for details. 


1.30.20 D6-27370-400E-TBCE December 06, 2002 


BOEING Airplane General, Emergency 
Equipment, Doors, Windows - 
737 Operations Manual Controls and Indicators 


<p Temperature Control Switch 


@D Water Shutoff and Drain Valve Control 
¢ ON - provides water to lavatory sink faucets and heater (normal position) 
¢ OFF - shuts off water to lavatory sink faucets and heater 
¢ DRAIN - drains water overboard through respective drain fitting. 
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Systems Description Section 40 
Introduction 
This chapter describes miscellaneous airplane systems, including: 

¢ lighting systems * emergency egress 

* oxygen systems ¢ flight deck seats 

¢ fire extinguishers e galleys 

* emergency equipment * water systems 

¢ doors and windows ¢ lavatories 

* cargo compartments * airstairs. 
Lighting Systems 
Lighting systems described in this chapter include: 

¢ exterior lighting * passenger cabin lighting 
¢ flight deck lighting * emergency lighting. 
Exterior Lighting 
Exterior lighting consists of these lights: 

¢ landing * strobe 

* runway turnoff ¢ anti—collision 

* taxi ¢ wing illumination 

* logo ¢ wheel well. 


* position (navigation) 
Outboard Landing Lights 


Outboard landing lights are installed in the outboard flap track fairings. The lights 
are designed to extend and shine forward, parallel to the waterline of the airplane. 
The lights may be extended at any speed. 


Inboard Landing Lights 


Two inboard landing lights are in the wing leading edge. The lights shine forward 
and down in a fixed position. 


Runway Turnoff Lights 


Runway turnoff lights are in each wing root. The lights illuminate the area in front 
of the main gear. 
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Taxi Lights 


The taxi light is mounted on the nose wheel strut and points in the same direction 
as the nose wheel. For increased service life of the taxi light, it is recommended 
that the taxi light not be used for takeoff and landing. 


Logo Lights 


Logo lights are located on the top of each wing tip to illuminate both sides of the 
vertical stabilizer. 


Position Lights 


The navigation lights are the standard red (left forward wingtip), green (right 
forward wingtip), and white (aft tip of both wings) position lights. 


Strobe Lights 


Three high intensity white strobe lights are installed on the left forward wing tip, 
right forward wing tip, and tail cone. 


Anti-collision Lights 


Two red anti—collision strobe lights are located on the top and bottom of the 
fuselage. 


Wing Illumination Lights 

Wing lights are installed on the fuselage and illuminate the leading edge of the 
wing. 

Wheel Well Lights 


Lights are installed in the wheel well of the nose gear and each main gear. 
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Exterior Lighting Locations 


RUNWAY TURNOFF 
LI GHTS (whit e) 


FI XED_ LAND! NG 
LI GHTS (whit e) 


UPPER AND LOWER 


ANTI - COLLI SI ON LI GHT 


(red strobe |i ght) 


TAXI LI GHT 
(white, nose gear) 


W NG | LLUM NATI ON 
LI GHTS (whit e) 


RUNWAY TURNOFF 
LI GHTS (whit e) 


Fl XED LANDI NG 
LI GHTS (whi t e) 


STROBE LI GHT. STROBE LI GHT 
(whi t e) (whi t e) 

POSI TI ON POS! TI ON 
LI GHTS LI GHTS 


(red and 
whi t e) 


(green and 
wii t e) 


LOGO LI GHT (white) LOGO LI GHT (white) 


RETRACTABLE LANDI NG 
LI GHT (whit e) 


~~ strose Li aur (whi te) 


RETRACTABLE LANDI 
LI GHT (whit e) 


Flight Deck Lighting 


Flight deck lighting is provided for panel illumination, area lighting and localized 
illumination. Dome lights supply general flight deck flood lighting. The 
glareshield supplies background light for the main instrument panels. Each 
instrument and instrument panel has its own integral lights. Floodlights are 
installed for the MCP, aisle stand, and aft circuit breaker panel. 


Map lights and utility lights are available at the pilot stations, each with individual 
controls. 


If normal electrical power is lost, standby electrical power is automatically 
provided to the standby compass light, dome lights, instrument flood lights and 
selected system information and warning lights. 


Passenger Cabin Lighting 


Passenger cabin lighting is supplied by incandescent and fluorescent lights. 
General cabin lighting is provided by window lights, ceiling lights, and entry 
lights. Reading lights are located above each passenger seat in the passenger 
service unit. Lights are also installed in the lavatories and galleys. 
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Passenger Cabin Signs 


The passenger cabin signs are controlled by a switch on the forward overhead 
panel. With AUTO selected, the signs are controlled automatically by reference to 
landing gear and flap positions: 


FASTEN BELTS and RETURN TO SEAT signs: 
e illuminate when flaps or gear are extended 
¢ extinguish when flaps and gear are retracted. 
NO SMOKING signs: 
e illuminate when gear is extended 
¢ extinguish when gear is retracted. 
All passenger signs can be controlled manually by positioning the respective 
switch to ON or OFF. 


When the passenger cabin signs illuminate or extinguish, a low tone sounds over 
the PA system. 


Emergency Lighting 


Exit lights are located throughout the passenger cabin to indicate the approved 
emergency exit routes. The system is controlled by a switch on the overhead panel. 
The switch has three positions: OFF, ARMED and ON, and is guarded to the 
ARMED position. With the switch in the ARMED position, the emergency exit 
lights are normally extinguished. If electrical power to DC bus No. | fails or if AC 
power has been turned off, the emergency exit lights illuminate automatically. 


The emergency exit lights may also be illuminated by a switch on the aft 
attendant’s panel. Lifting the guard and pushing the switch ON overrides the flight 
deck control and illuminates the emergency exit lights. Control from this panel is 
available in the event of failure of the automatic control. 


The flight deck aft DOME light contains a separate bulb that is powered by the 
emergency lighting system to provide for flight deck evacuation. 


Interior Emergency Lighting 
Interior emergency exit lights are located: 


e in the lower inboard corner of stowage bins to illuminate the aisle 
¢ over the entry/service and overwing emergency hatches to indicate the 
door and hatch exits 
e in the ceiling to locate the exits and provide general illumination in the 
area of the exits. 
Self-illuminating exit locator signs are installed at the forward, middle, and aft end 
of the passenger cabin. 
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Floor proximity emergency escape path lighting consists of locator lights spaced 
at regular intervals down one side of the aisle. Lighted arrows point to overwing 
exits and a lighted EXIT indicator is near the floor by each door and overwing exit. 
Escape path markings are provided for visual guidance for emergency cabin 
evacuation when other sources of cabin lighting are obscured. 


Exterior Emergency Lighting 


Exterior emergency lights illuminate the escape slides. The fuselage-installed 
escape slide lights are adjacent to the forward and aft service and entry doors. Two 
lights are also installed on the fuselage to illuminate the overwing escape routes 
and ground contact area. 
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Emergency Exit Lighting 
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[t > 737-400 


Oxygen Systems 


Two independent oxygen systems are provided, one for the flight crew and one for 


the passengers. Portable oxygen cylinders are located throughout the airplane for 
emergency use. 
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Oxygen System Schematic 
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Flight Crew Oxygen System 


The flight crew oxygen system uses quick—donning diluter demand masks/ 
regulators located at each crew station. Oxygen is supplied by a single cylinder. 
Oxygen pressure is displayed on the indicator located on the aft overhead panel 
when the battery switch is ON. Oxygen flow is controlled through a 
pressure—reducing regulator to supply low pressure oxygen. Normal pressure is 
1850 psi. 
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The mask/regulator is stored in a box immediately adjacent to each crew station. 
To use the mask, squeeze the red Release Levers with the thumb and forefinger 
and remove from stowage. Squeezing the Release Levers: 

¢ inflates the mask harness 

¢« momentarily displays the yellow oxygen flow indicator 


Place the mask over the head and release the levers. The harness contracts to fit 
the mask to head and face. 


Oxygen flow is controlled by a regulator that is mounted on the oxygen mask. The 
regulator may be adjusted to supply 100% oxygen by pushing the 
NORMAL/100% Selector. 


The observer’s oxygen mask, regulator, and harness unit is the same as the pilots’. 
Oxygen is available to the regulator when the flight deck shutoff valve is open. 
The unit does not have a flow indicator or reset—test button. The mask, regulator 
and harness are contained in a stowage cup. 


Flight Crew Portable Oxygen 


The flight crew portable oxygen unit is a completely self-contained oxygen 
system, offering both demand and constant flow capabilities. It consists of a 
portable oxygen cylinder, a pressure regulator (constant flow), an on-off valve, a 
pressure gauge to show oxygen supply, a demand regulator, and a sling—type 
carrying strap. 

The portable oxygen cylinder is installed behind and adjacent to the First Officer’s 
seat. When charged to 1800 psi at 70° Fahrenheit (21° Celsius), it contains 11 
cubic feet (311 liters) of free oxygen. 


The demand regulator has a connection for a demand type full-face mask and 
supplies 100% oxygen. Normally, the full face mask is attached to the unit and 
provides portable full-face and respiratory protection from hazardous smoke and 
fumes. 


For constant flow oxygen, a bayonet-type fitting accommodates a disposable 
continuous flow mask. The cylinder provides oxygen for a duration of 
approximately 103 minutes using the 3 liter constant flow outlet. 
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Flight Crew Portable Oxygen Equipment 
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Portable Protective Breathing Equipment 


Protective Breathing Equipment (PBE/Smoke Hood) devices for crew use (for 
combating fires and/or entering areas of smoke or fume accumulation) are stowed 
throughout the airplane. The device is placed over the head and, when activated, 
provides approximately 15 minutes of oxygen. Manufacturer’s operating 
instructions are placarded on the container. 
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Passenger Oxygen System 


The passenger oxygen system is supplied by individual chemical oxygen 
generators located at each Passenger Service Unit (PSU). Four continuous flow 
masks are connected to each generator. A generator with two masks is located 
above each attendant station and in each lavatory. 


The system is activated automatically by a pressure switch at a cabin altitude of 
approximately 14,000 feet or when the Passenger Oxygen Switch on the aft 
overhead panel is positioned to ON. When the system is activated, the PASS OXY 
ON light illuminates and OVERHEAD illuminates on the Master Caution System. 


Activating the system causes the masks to drop from the stowage compartments. 
The oxygen generators are activated when any mask in the unit is pulled down. 
Pulling one mask down causes all masks in that unit to come down and 100% 
oxygen flows to all masks. A green in-line flow indicator is visible in the 
transparent oxygen hose whenever oxygen is flowing to the mask. Oxygen flows 
for approximately 12 minutes and cannot be shut off. If the passenger oxygen is 
activated and a PSU oxygen mask compartment does not open, the masks may be 
dropped manually. 


PSU Oxygen Mask Compartment 


CHEM CAL OXYGEN 
PO ae GENERATOR 


~<——_—__ RELEASE FIRING PIN 
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|}~e— OXYGEN MASK DOOR 
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RESERVO! R BAG 
MASK 


WARNING: When using passenger oxygen, the “NO SMOKING” sign 
should be strictly observed. Once the generator is activated, 
the flow of oxygen is constant, whether or not the mask is 
being worn. 
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WARNING: Do not use passenger oxygen with cabin altitude below 14,000 
feet when smoke or an abnormal heat source is present. The 
use of passenger oxygen does not prevent the passengers from 
inhaling smoke. Air inhaled is a mixture of oxygen and cabin 
air. 


Passenger Portable Oxygen 


First aid and supplemental portable oxygen cylinders are installed at suitable 
locations in the passenger cabin. The cylinders are fitted with a pressure guage, 
pressure regulator and an on-off valve. The cylinders are pressurized to 1800 psi. 
At this pressure and a temperature of 70° Fahrenheit (21° Celsius), the cylinders 
have a capacity of 11 cubic feet (311 liters) of free oxygen. Two continuous flow 
outlets are provided on each cylinder, one regulates flow at two liters per minute 
for walk—around; the second outlet provides flow at four liters per minute. The 
four-liter flow is used for first aid. 


Duration can be determined by dividing capacity by outflow (311 liters divided by 
4 liters/minute = 77 minutes). 


Passenger Portable Oxygen Equipment 
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Fire Extinguishers 


Fire extinguishers are located in the flight deck and passenger cabin. 
Water Fire Extinguishers 


Water fire extinguishers contain a solution of water mixed with antifreeze. The 
container is pressurized by a CO2 cartridge when the extinguisher handle is 
rotated fully clockwise. The extinguisher should be used on fabric, paper or wood 
fires only. 
To use the water fire extinguisher: 

* remove from stowage 

¢ rotate handle fully clockwise 

¢ aim at base of fire and press trigger. 


CAUTION: Do not use on electrical or grease type fires. 


Water Fire Extinguisher 
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Halon (BCF) Fire Extinguishers 


Halon (BCF) fire extinguishers contain a liquefied gas agent under pressure. The 
pressure indicator shows an acceptable pressure range, a recharge range, and an 
overcharged range. A safety pin with a pull ring prevents accidental trigger 
movement. When released the liquefied gas agent vaporizes and extinguishes the 
fire. The extinguisher is effective on all types of fires, but primarily on electrical, 
fuel and grease fires. 


To use the Halon fire extinguisher: 


* remove from stowage 
¢ hold upright and remove ringed safety pin 
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¢ aim at base of fire from a distance of six feet and press top lever 
¢ use side-to-side motion to suppress fire. 


BCF Fire Extinguisher (Halon 1211) 
LEVER 
DISCHARGE RING SAFETY 
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PRESSURE 
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Fire Extinguisher Usage 


Each class of fire calls for specialized action. Using the wrong extinguisher may 
do more harm than good. For your own protection, you should know these basic 
types, how to use them, and why. 


CLASSES! OF EEE ; EXTI NGUI SHER TYPE 
There are three common classes of fire: 


CLASS /A\ COVBUSTI BLE - paper, wood, fabric, rubber, TYPE /A\, 


MATER! ALS 


certain plastics, etc., where Water (HoQ saturates 
quenching by water is effective. material and prevents 
reki ndl ing. 


FLAMVABLE 


LI QUI DS 


- gasoline, oils, greases, solvents, TYPE |8 


paints, burning |i quids, cooking BOF (Halon 1211) 
fats, etc., where smothering 
action is required. 


CLASS (©) LI VE 
ELECTRI CAL 


WARNING: 


WARNING: 


WARNING: 


1.40.14 


- fires started by short circuit or TYPE 


faulty wring in electrical or BOF (Halon 1211) 
electronic equipment, or fires in 

motors, swtches, galley equi pnent, 

etc., where a nonconducting 

extinguisher agent is required. 

NOTE: Whenever possible, electrical 

equi prent should be de-ener gi zed 

before attacking a class C fire. 


THE WRONG EXT! NGUI SHER ON A FI RE COULD DO MORE HARM THAN GOOD. FOR 


EXAMPLE, 


B 


© RATED EXTI NGUI SHER |S NOT AS EFFECT] VE AS H2O ON A cLass /\ 


FIRE. WATER ON FLAMVABLE LI QUID FI RES SPREAD THE FIRE. WATER ON A LI VE 
ELECTRI CAL FI RE COULD CAUSE SEVERE SHOCK OR DEATH. 


The concentrated agent, or the by-products created by the 
heat of the fire, are toxic when inhaled. 


If a fire extinguisher is to be discharged in the flight deck, then 
all crewmembers are to wear oxygen masks and use 100% 
oxygen with emergency selected. 
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Emergency Equipment Symbols 
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NOTE: Some synbols do not apply to all confi gurati ons. 
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Emergency Equipment Locations 


Teel te 


[>> As installed 
EMERGENCY EQUI PENT LOCATI ONS 
737- 300 
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[=> As installed 


EMERGENCY EQUI PIVENT LOCATI ONS 
737- 400 
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[=> As installed 
EMERGENCY EQUI PMENT LOCATI ONS 
737-500 
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Doors and Windows 


The airplane has two passenger entry doors, one cabin door (the flight 
deck/passenger cabin entry), two service doors, and two cargo doors. There is also 
a center electrical and electronic (E/E) equipment access door and an equipment 
compartment access door on the bottom of the airplane. 


The flight deck number two windows, one on the left and one on the right, can be 
opened by the flight crew. 


Cabin Door 


An electrical and keyed lock permits the door to be opened, closed, and locked 
from either side. With 115 volt AC power available, the door may be electrically 
locked or unlocked by pressing the door lock switch on the control stand; entrance 
from the passenger cabin requires a key when the door is electrically locked. The 
door cannot be locked without electrical power. 


There are four blowout panels located in the cabin door. In the event of a sudden 
depressurization of the flight deck, the blowout panels hinge out from the door. 
This uncovers openings in the door and allows the air pressure in the flight deck 
and passenger cabin to equalize. 


An emergency exit feature is also provided which permits the release and removal 
of the two upper blowout panels from the door. To operate, pull on the release 
handle while pressing on the panel below the release handle. Panel will not release 
unless both ends of handle have been pulled away from their locked position. 
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CABIN DOOR 
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FLIGHT DECK SECURITY DOOR 


Flight Deck Security Door (As Installed) 


The flight deck security door meets requirements for resistance to ballistic 
penetration and intruder entrance. The door opens into the passenger cabin. When 
closed, the door locks when electrical power is available and unlocks when 
electrical power is removed. A viewing lens in the door allows observation of the 
passenger cabin. The door can be manually opened from the flight deck by turning 
the door handle. 


The door incorporates a deadbolt with a key lock. Locking the deadbolt on the 
flight deck side prevents the key from unlocking the door on the passenger cabin 
side. 


The flight deck access system consists of an emergency access panel, chime 
module, three position door lock selector, two indicator lights, and a power cutoff 
switch. The emergency access panel includes a six button keypad for entering the 
numeric access code along with red, amber, and green lights. The red light 
illuminates to indicate the door is locked. When the correct emergency access 
code is entered, the amber light illuminates. The green light illuminates to indicate 
the door is unlocked. 


Two indicator lights and a three position door lock selector are located on the aisle 
stand. Illumination of the amber LOCK FAIL light indicates the door lock has 
failed or the Access System switch is in the OFF position. 
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The emergency access code is used to gain access to the flight deck in case of pilot 
incapacitation. A flight deck chime and illumination of the amber AUTO UNLK 
light indicates the correct emergency access code has been entered and the door is 
programmed to unlock after a time delay. Selecting the DENY position on the 
door lock selector denies entry and prevents further keypad entry for several 
minutes. To allow entry, the selector is turned to the UNLKD position which 
unlocks the door while held in that position. If the emergency access code is 
entered and the pilot takes no action, the door unlocks after expiration of the time 
delay. Before the door unlocks, the chime sounds continuously and the AUTO 
UNLK light flashes. 


By pressing "1" then "ENT" keys on the emergency access panel, the flight deck 
chime will sound (if programmed). 


The door incorporates two pressure sensors that unlock the decompression panels 
in the event pressurization is lost. The decompression panels have manual release 
pins. Pulling the pins frees the panels allowing egress in the event the door is 
jammed. 


Flight Deck Number Two Windows 


The flight deck number two windows can be opened on the ground or in flight and 
can be used for emergency evacuation. The associated window lock lever locks or 
unlocks the window. 


Lower Cargo Compartments 


The lower cargo compartments, if equipped with smoke and fire detectors and 
with a built-in fire extinguisher system controlled from the flight deck, satisfy the 
requirements for Class C compartments. 


Note: The certification standards for fire safety in Class D cargo and baggage 
compartments have been changed. Class D compartments in airplanes used 
for passenger service must now comply with the standards for Class C 
compartments. Class C standards require that a compartment be equipped 
with smoke and fire detectors and with a built-in fire extinguisher system 
controlled from the flight deck. No inflight access is necessary, but the 
flight crew must be able to control the ventilating airflow into these 
compartments. Class D compartments in airplanes used only for cargo 
service must also comply with the standards for Class C, or with the 
detection standards for Class E compartments. 
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There are two cargo compartment doors on the lower right side of the fuselage. 
Both are plug type, inward opening pressure doors, hinged at their upper edges 
and operated manually from either inside or outside the airplane. Except for slight 
difference in shape, both doors are similar in design and operation. The door is 
locked closed by four latches. Each door has a balance mechanism which creates 
door—open force slightly more than equal to the weight of the door. The door can 
therefore, with little effort, be swung open, until it engages a mechanical lock. The 
door can be closed easily by pulling a lanyard attached to the door, releasing the 
uplatch, grasping the handle and closing the door. 


A pressure equalization valve is in the aft bulkhead of each compartment. The 
valves let only enough air flow into or out of the cargo compartments to keep the 
pressures nearly the same as the cabin pressure. 


Blowout panels in the lower cargo compartments provide pressure relief at a 
greater rate than the pressure equalization valve in case the airplane pressurization 
is lost. 


Emergency Escape 


Emergency escape information included in this chapter includes: 
* emergency evacuation routes 
¢ flight deck windows 
¢ escape slides 
* escape straps 
* escape hatches 


Emergency Evacuation Routes 


Emergency evacuation may be accomplished through four entry/service doors and 
two overwing escape hatches. 737-400 airplanes have four overwing escape 
hatches. Flight deck crew members may evacuate the airplane through two sliding 
flight deck windows. 
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Emergency Evacuation Routes 


[>> 737-400 


Flight Deck Window Emergency Egress 
Flight Deck Escape Straps 


An escape strap is attached to a compartment above each No. 2 window. The 
straps may be used by a crewmember for escape. 


Flight Deck Number Two Windows 


Flight deck sliding windows are opened by squeezing the lock release in the 
handle, rotating the handle inward, and sliding the window aft until it locks. The 
right hand window has provisions for exterior access as well. 


If the flight deck number two windows must be used for emergency egress, use 
the following procedure: 

¢ open the window 

¢ open the escape strap compartment (above and aft of window) 

¢ pull on the escape strap to ensure it is securely attached 

e throw the strap out the window 

¢ sit on the window sill with upper body outside 

¢ exit in accordance with the following illustration. 
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CAUTION: Ensure the escape strap is securely fastened to the airplane. 


The above illustrated method of departure would probably be the easiest for most 
crewmembers. This technique is difficult and should be used only in extreme 
emergency. 


Flight Deck Escape Straps 


Escape straps are attached to compartments above flight deck sliding windows. 
The straps may be used by crew members to lower themselves to the ground. 
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Escape Straps 
Escape Slide Detachment Handle 


The slide has not been certified to be part of the water landing emergency 
equipment. In a water environment, the slide may not properly inflate when 
deployed. If the deployed slide is recognized to be a potential obstruction to 
egress, a quick release handle is provided near the top of the slide. This handle is 
protected by a cover and is placarded. The escape slide is detached from the 
airplane by pulling the detachment handle. Once detached from the door sill, the 
slide is tethered to the door sill by a lanyard. A properly inflated slide could be 
buoyant, and useful as a flotation device for passengers in the water. Hand grips 
are positioned along the sides of the slide. 


Escape Slide Detachment Handle 
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Overwing Escape Straps 


Escape straps are installed above each emergency escape hatch frame. The 
overwing escape hatches must be removed to expose the straps. One end of the 
strap is attached to the hatch frame. The remainder of the strap is stowed in a tube 
extending into the cabin ceiling. To use, the strap is pulled free from its stowage 
and attached to a ring on the top surface of the wing. The escape strap can be used 
as a hand hold in a ditching emergency for passengers to walk out on the wing and 
step into a life raft. 
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Overwing Escape Straps 
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[7 >737- 400 
Overwing Escape Hatches 


Two escape hatches are located in the passenger cabin over the wings. These are 
plug type hatches and are held in place by mechanical locks and airplane cabin 
pressure. The hatches can be opened from the inside or from outside of the 
airplane by a spring—loaded handle at the top of the hatch. A seat back blocking 
an exit may be pushed forward by applying force to the top of the seat back. For 
safety reasons, hatches should not be removed in flight. 
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Overwing Escape Hatches 
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TO OPEN HATCH: 
1. Push in panel 
2. Push hatch inward and lift up 
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TO OPEN HATCH: 
1. Pull down and inward 


HANDHOLD 
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TO OPEN HATCH: 


1. Remove cover 
2. Pull down and inward 


[7>As instal! ed 


WARNING: Do not remove hatches in flight in preparation for passenger 
evacuation. For emergency evacuation on the ground or in 
water, remove hatch and place so as not to obstruct egress. The 
hatch may be thrown out onto the wing, placed on the seat arm 
rests, or placed in any other suitable location as dictated by the 
conditions at the time of airplane evacuation. 
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Pilot Seat Adjustment 


Adjust the seat position with the appropriate controls to obtain the optimum eye 
reference position. Use the handhold above the forward window to assist. The 
following sight references are used: 


e Sight along the upper surface of the glareshield with a small amount of 
the airplane nose structure visible (A) 


¢ Sight under the glareshield to view the A/P—A/T—FMC lights panel (B) 
e Sight over the control column until the bottom of the EHSI is visible (C). 


Pilot Seat Adjustment 


EYE REFERENCE POS! TI ON 


Galleys 


Galleys are located in the passenger cabin to provide convenient and rapid service 
to the passengers. Generally, they are installed in the cabin adjacent to the forward 
and aft galley service doors. 
In general the equipment of the galley unit consists of the following main items: 
¢ high speed ovens 
¢ hot beverage containers 
¢ hot cup receptacles 
¢ refrigeration and main storage compartments 
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Electrical control panel switches and circuit breakers to operate the above 
equipment are conveniently located within the galley work area. Storage space, 
miscellaneous drawers, and waste containers are also integrated in the galley 
units. 


Electrical Power 


Electricity for the galleys is 115V AC supplied from the airplane transfer buses 
and controlled by a switch on the overhead panel. Circuit breakers are located on 
the galleys and on the P-6 circuit breaker panel. 


Water Service 


Water is supplied to the galleys from the airplane’s pressurized water system and, 
in an emergency, may be shut off at the galley. 


Water System 


The airplane’s potable water system is supplied from a single tank located behind 
the aft cargo compartment. Fresh water is supplied to the galleys and lavatory 
sinks. 


Quantity Indication and System Operation 


A quantity indicator is located on the attendant’s panel. When the “PUSH” button 
on the indicator is pressed, lights illuminate to show the water level. When full, 
approximately 20 U.S. gallons (737-500) 30 U.S. gallons (737-300), or 40 gallons 
(737-400) are available. The system is pressurized by engine bleed air or by the 
water system air compressor. Shutoff valves are located on each galley and below 
the sink in each lavatory. The drain position of this valve is used to drain all water 
overboard. Normally, the drain shutoff valves are ON. 


Hot Water 


Hot and cold water is available in some lavatories. The water heater is located 
below the lavatory sink. When emptied, it heats a new water charge in four 
minutes. An amber light is ON when the heater is operating normally. The heater 
has an overheat switch which turns off the heating element if an excess 
temperature is reached. The heater may be turned off at any time by using a 
manual switch on the heater. Hot and cold water is also supplied at the galleys. 


Servicing 


The system is serviced from an exterior panel on the aft left side of the airplane. 
Pressure filling is required. Waste water from the galleys and lavatory wash basins 
is drained overboard through two heated drain masts. The drain masts are on the 
bottom of the fuselage, one forward and one aft. 
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Water System 
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Forward Airstair 


The forward airstair provides the capability of boarding passengers without 
relying on the availability of airport ground equipment. The airstair is electrically 
operated and may be controlled from either inside or outside the airplane. The 
airstair is stowed inside a compartment just below the forward entry door. The 
compartment has a pressure door that automatically opens before the airstair can 
operate. For passenger safety, upper handrails are attached to support brackets 
inside the entry door after the airstair is fully extended. 
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Interior Control 


The interior control panel is located above the forward entry door. An amber 
STAIRS OPERATING light on the panel illuminates when the airstair is in transit. 
The airstair tread lights on the airstair steps are controlled by a single 
three—position airstair LIGHTS switch. With the switch in the AUTO position, the 
tread lights illuminate when the airstair makes contact with the ground and 
extinguish when the airstair retracts. The interior control panel has two modes of 
operation, normal and standby. The standby system provides an alternate means 
of electrical control in the event the normal mode of operation is not available. 
Normal operation requires both AC and DC power. Standby operation requires the 
battery switch to be ON. Both operating modes require the forward entry door to 
be partially open. The two airstair control switches have three positions - 
EXTEND, RETRACT, and a center neutral (off) position. For standby operation, 
hold the spring-loaded guard to the left, then select either EXTEND or 
RETRACT. The guard is spring-loaded to the right to prevent inadvertent 
operation of the airstair in standby. 


Exterior Control 


The exterior control is located to the right and below the airstair compartment. 
Operating instructions are located around the handle. When operating the airstair 
with the exterior control, the forward entry door need not be open. The exterior 
control handle by—passes the door—open requirement. The control handle is 
normally flush with the fuselage. Pushing the button in the center of the handle 
extends the handle for easy operation. The handle rotates clockwise or 
counterclockwise to extend or retract the airstair. A two—position switch, labeled 
NORMAL and STANDBY, is located in the exterior handle recess. The switch is 
spring-loaded to NORMAL. Holding the NORMAL/STANDBY Switch to 
STANDBY provides DC power from the battery bus for airstair operation. The 
BAT switch on the flight deck does not need to be ON when operating the airstair 
on standby from the exterior control panel. The control handle rotates to extend or 
retract airstair. The use of the standby system from either the interior or exterior 
control by—passes the handrail and lower ladder safety circuits. Caution must be 
exercised when using the standby system. If the upper handrail extensions are not 
properly stowed before retraction, damage to the airplane structure or damage to 
the airstair’s handrail may result. An amber AIRSTAIR light, located on the 
overhead door caution annunciator panel illuminates when the airstair pressure 
door is unlocked. Illumination of the AIRSTAIR light also activates the DOORS 
annunciator light and the MASTER CAUTION lights. The Airstair light is 
inoperative when the main AC bus is not powered. The MASTER CAUTION and 
DOORS lights illuminate in normal or standby operation of the airstair. 
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Bleed Air Controls and Indicators 


RAM DOOR RAM DOOR 
1 FULL OPEN FULL OPEN 


[> 737- 300/ 500 
22> 737-400 


FORWARD OVERHEAD PANEL 


GB DUAL BLEED Light 


Illuminated (amber) — APU bleed air valve open and engine No. 1 BLEED air 
switch ON, or engine No. 2 BLEED air switch ON, APU bleed air valve and 
isolation valve open. 
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@p ISOLATION VALVE Switch 
CLOSE - closes isolation valve. 


AUTO - 


¢ closes isolation valve if both engine BLEED air switches are ON and both 
air conditioning PACK switches are AUTO or HIGH 


* opens isolation valve automatically if either engine BLEED air or air 
conditioning PACK switch positioned OFF. 


OPEN - opens isolation valve. 


Dp WING-BODY OVERHEAT Light 
Illuminated (amber) — 


¢ left light indicates overheat from bleed air duct leak in left engine strut, 
left inboard wing leading edge, left air conditioning bay, keel beam or 
APU bleed air duct 


¢ right light indicates overheat from bleed air duct leak in right engine strut, 
right inboard wing leading edge or right air conditioning bay. 
@®p Engine BLEED Air Switches 
OFF -— closes engine bleed air valve. 


ON -— opens engine bleed air valve when engines are operating. 


q@p APU BLEED Air Switch 
OFF — closes APU bleed air valve. 
ON — opens APU bleed air valve when APU is operating. 


@p Bleed Air DUCT PRESSURE Indicator 
Indicates pressure in L and R (left and right) bleed air ducts. 


Wing-Body Overheat (OVHT) TEST Switch 
PUSH — 


* tests wing—body overheat detector circuits 
¢ illuminates both WING-BODY OVERHEAT lights. 


> BLEED TRIP OFF Light 


Illuminated (amber) — excessive engine bleed air temperature or pressure 
¢ related engine bleed air valve closes automatically 
* requires reset. 
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@ TRIP RESET Switch 


PUSH (if fault condition is corrected) — 


¢ resets BLEED TRIP OFF, PACK TRIP OFF and DUCT OVERHEAT 
lights (BLEED TRIP OFF, PACK and ZONE TEMP lights for 737-400) 


¢ lights remain illuminated until reset. 
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Air Conditioning Controls and Indicators (737-300/500) 


CONT CABIN Al R TENP PASS CABIN 
SUPPLY PASS. 


r 1 /CABTN 
6 
2 
3 
FULL OPEN ai ON 
2s 
8 
5 
9 
10 


FORWARD OVERHEAD PANEL 


AIR Temperature (TEMP) Source Selector 


SUPPLY DUCT - selects main distribution supply duct sensor for TEMP 
indicator. 
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PASS CABIN - selects passenger cabin sensor for TEMP indicator. 


@p DUCT OVERHEAT Light 


Illuminated (amber) — 
¢ bleed air temperature in related duct exceeds limit 
* air mix valves drive full cold 
* requires reset. 


pp Control (CONT) CABIN and Passenger (PASS) CABIN Temperature 
Selector 


AUTO - automatic temperature controller controls passenger cabin or flight deck 
temperature as selected. 


MANUAL -— air mix valves controlled manually. Automatic temperature 
controller bypassed. 


@® RAM DOOR FULL OPEN Light 


Illuminated (blue) — indicates ram door in full open position. 


@&p Air Conditioning PACK Switch 
OFF — pack signalled OFF. 
AUTO — 


¢ with both packs operating, each pack regulates to low flow 

e with one pack operating, operating pack regulates to high flow in flight 
with flaps up 

¢ when operating one pack from APU (both engine BLEED air switches 
OFF), regulates to high flow. 


HIGH — 
¢ pack regulates to high flow 
* provides maximum flow rate on ground with APU BLEED air switch ON. 


@p AIR MIX VALVE Indicator 


Indicates position of air mix valves: 
¢ controlled automatically with related temperature selector in AUTO 
¢ controlled manually with related temperature selector in MANUAL. 


Air Temperature (TEMP) Indicator 


Indicates temperature at location selected with AIR TEMP source selector. 
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@@p Recirculation (RECIRC) FAN Switch 
OFF -— fan signalled OFF 


AUTO - fan signalled on except when both packs operating with either PACK 
switch in HIGH. 


@ PACK TRIP OFF Light 


Illuminated (amber) — 
¢ indicates pack temperature has exceeded limits 
¢ related pack valve automatically closes and mix valves drive full cold 
* requires reset. 


GD TRIP RESET Switch 


PUSH (if fault condition is corrected) — 


¢ resets BLEED TRIP OFF, PACK TRIP OFF and DUCT OVERHEAT 
lights 
e lights remain illuminated until reset. 
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Air Conditioning Controls and Indicators (737-400) 


Al R_ TENP 


1 6 
2 
3 
RAM DOOR RAM DOOR 
FULL OPEN FULL OPEN 
4 
8 
2 9 
. 10 ) 


FORWARD OVERHEAD PANEL 


Air Temperature (TEMP) Indicator 


Indicates temperature at location selected with AIR TEMP source selector 
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@— ZONE TEMP Lights 


Illuminated (amber) — 


¢ CONT CAB indicates a duct temperature overheat, or failure of the flight 
deck primary and standby temperature control 


¢ FWD CAB or AFT CAB indicates duct temperature overheat. 
During Master Caution light recall: 


¢ CONT CAB indicates failure of the flight deck primary or standby 
temperature control 


¢ either FWD CAB or AFT CAB indicates failure of the associated zone 
temperature control 


¢ lights will extinguish when MASTER CAUTION is reset. 


@p Temperature Selector 


AUTO -— provides automatic temperature control for the associated zones. 
Rotating the controls towards C (cool) or W (warm) sets the desired temperature 


OFF -— closes the associated trim air modulating valve. 


@® RAM DOOR FULL OPEN Light 


Illuminated (blue) — indicates ram door in full open position. 


@&p Air Conditioning PACK Switch 
OFF — pack signalled OFF. 
AUTO — 


¢ with both packs operating, each pack regulates to low flow 

¢ with one pack operating, operating pack regulates to high flow in flight 
with flaps up 

¢ when operating one pack from APU (both engine BLEED air switches 
OFF), regulates to high flow. 


HIGH — 
e pack regulates to high flow 
* provides maximum flow rate on ground with APU BLEED air switch ON. 


@p AIR Temperature (TEMP) Source Selector 

SUPPLY DUCT - selects appropriate zone supply duct temperature 
PASS CABIN - selects forward or aft passenger cabin temperature 
PACK - selects left or right pack temperatures. 
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TRIM AIR Switch 


ON - trim air pressure regulating and shutoff valve signaled open. 


OFF - trim air pressure regulating and shutoff valve signaled closed. 


@@p Recirculation (RECIRC) FAN Switch 
OFF — fan signalled OFF 
AUTO — 

¢ in flight — 


¢ the left recirculation fan operates if both packs are operating unless 
either PACK switch is in HIGH 


¢ the right recirculation fan operates if both packs are operating unless 
both PACK switch are in HIGH. 


¢ on the ground — 


¢ the left recirculation fan operates unless both PACK switches are in 
HIGH 


¢ the right recirculation fan operates even if both PACK switches are in 
HIGH. 


@® PACK Light 


Illuminated (amber) — 


¢ indicates pack trip off or failure of both primary and standby pack 
controls 


¢ during MASTER CAUTION light recall, indicates failure of either 
primary or standby pack control . Extinguishes when MASTER 
CAUTION is reset. 


GD TRIP RESET Switch 


PUSH (if fault condition is corrected) — 
¢ resets BLEED TRIP OFF, PACK and ZONE TEMP lights 
¢ lights remain illuminated until reset. 
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Equipment Cooling Panel 


EQUI P COOLING 
SUPPLY = EXHAUST 


FORWARD OVERHEAD PANEL 


Equipment (EQUIP) COOLING SUPPLY Switch 
NORMAL - normal cooling supply fan activated. 
ALTERNATE - alternate cooling supply fan activated. 


@® Equipment Cooling Supply OFF Light 


Illuminated (amber) — no airflow from selected cooling supply fan. 


Dp Equipment (EQUIP) COOLING EXHAUST Switch 
NORMAL - normal cooling exhaust fan activated. 
ALTERNATE - alternate cooling exhaust fan activated. 


DP Equipment Cooling Exhaust OFF Light 


Illuminated (amber) — no airflow from selected cooling exhaust fan. 
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Cabin Altitude Panel 


LIM T: TAKE- 
OFF & LDG 
. 125 PSI 


FORWARD OVERHEAD PANEL 


CABIN Altitude (ALT)/Differential Pressure (DIFF PRESS) Indicator 
Inner Scale — indicates cabin altitude in feet. 


Outer Scale — indicates the difference between cabin pressure and ambient 
pressure in psi. 
q@p CABIN Rate of CLIMB Indicator 


Indicates cabin rate of climb or descent in feet per minute. 


@&® Altitude (ALT) HORN CUTOUT Switch 


PUSH — 
¢ cuts out intermittent cabin altitude warning horn 
¢ altitude warning horn sounds when cabin reaches 10,000 feet altitude. 
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Cabin Pressurization Panel 


AUTO OFF SCHED 


FAIL DESCENT STANDBY 


FLT 8 0] 22] 24| 26 8 | 30 2 4 6 
ALTITUDE X 1000 FEET- MAX PRESS SCHEDULE 


FORWARD OVERHEAD PANEL 


AUTO FAIL Light 


Illuminated (amber) -— automatic pressurization control failure. Control 
automatically transfers to the standby mode. 


@p OFF Schedule (SCHED) DESCENT Light 


Illuminated (amber) — airplane descended before reaching the planned cruise 
altitude set in the FLT ALT indicator. 


ep Flight Altitude (FLT ALT) Indicator 
¢ indicates selected cruise altitude 
e set before takeoff. 


aD Flight Altitude Selector 


Push/rotate to set planned cruise altitude. 
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@&p Landing Altitude (LAND ALT) Indicator 
* indicates altitude of intended landing field 
¢ set before takeoff. 


@p Landing Altitude Selector 


Rotate to select planned landing field altitude — 
¢ large diameter control sets 1000 foot increments 
¢ small diameter control sets 10 foot increments. 


MANUAL Light 


Illuminated (green) — pressurization system operating in the manual mode. 


Gp STANDBY Light 


Illuminated (green) — pressurization system operating in the standby mode. 


Dp Cabin Rate Selector 
¢ DECR - cabin altitude rate of change equals 50 ft/min 
¢ INCR - cabin altitude rate of change equals 2000 ft/min 
¢ Index — cabin altitude rate of change equals 300 ft/min. 


@p Outflow VALVE Position Indicator 
¢ indicates position of outflow valve 
* operates in all modes. 


Note: Indicator moves to the full left position when no AC power is available. 


Outflow Valve Switch (spring-loaded to center) 


CLOSE - closes outflow valve electrically with pressurization mode selector in 
MAN position. 


OPEN - opens outflow valve electrically with pressurization mode selector in 
MAN position. 


@eP® Cabin Altitude (CAB ALT) Indicator 
e Indicates selected cabin altitude 
e Set before takeoff. 


GED Cabin Altitude Selector 


Rotate to select desired cabin altitude. 
¢ large diameter control sets 1000 foot increments 
¢ small diameter control sets 10 foot increments. 
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GD Pressurization Mode Selector 


AUTO - pressurization system controlled automatically. 
STBY -— pressurization system controlled through the standby mode. 


MAN - 
* pressurization system controlled manually by Outflow Valve Switch 
e AC - outflow valve operates from AC power 
¢ DC - outflow valve operates from DC power 
¢ all auto and standby circuits bypassed 


CHECK - Tests auto failure function of auto system. 


Flight /Ground Switch 


AUTO mode — 


¢ GRD - on the ground, drives the pressurization outflow valve full open at 
a controlled rate and depressurizes the airplane. After takeoff, inhibited; 
functions the same as FLT position 

¢ FLT - on the ground, pressurizes the cabin to approximately (-200ft) 
below airport elevation. After takeoff, cabin pressure is automatically 
controlled in climb and descent as a function of airplane altitude. In 
cruise, cabin pressure is held constant. 


STANDBY mode — 


¢ GRD - on the ground, drives outflow valve open at the rate selected by 
the Cabin Rate Selector. After takeoff, inhibited; functions the same as 
FLT position 

e FLT — pressurizes the airplane at a rate selected by the Cabin Rate 
Selector to the cabin altitude selected on the Cabin Altitude Indicator 
(normally -200ft below takeoff field elevation). 


@® Cabin /Flight Altitude (CAB ALT)(FLT ALT) Placard 


Used to determine setting for cabin altitude when operating in standby and manual 
modes. 
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Air Systems Schematic (737-300/500) 
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Air Systems Schematic (737-400) 


TO LEFT 
FROM SI DEWLL RISER 
REC RC i} TO_RI GHT 


GROUND 


CONDI TI ON: 

ENG NES CPERATI NG 
Wii BLEED Al R & SUPPLYING Al R 
Ca—s#—@1 CONDI TI ONED AI R CONDI T! ONI NG PACKS 
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Introduction 


Air for the bleed air system can be supplied by the engines, APU, or an external 
air cart/source. The APU or external cart supplies air to the bleed air duct prior to 
engine start. After engine start, air for the bleed air system is normally supplied by 
the engines. 


The following systems rely on the bleed air system for operation: 

¢ Air conditioning/pressurization 

¢ Wing and engine thermal anti-icing 

¢ Engine starting 

¢ Hydraulic reservoirs pressurization 

¢ Water tank pressurization 

¢ Aspirated TAT probe 
Switches on the air conditioning panel operate the APU and engine bleed air 
supply system. 


Engine Bleed System Supply 


Engine bleed air is obtained from the 5th and 9th stages of the compressor section. 
When Sth stage low pressure bleed air is insufficient for the bleed air system 
requirements, the high stage valve modulates open to maintain adequate bleed air 
pressure. During takeoff, climb, and most cruise conditions, low pressure bleed air 
from the 5th stage is adequate and the high stage valve remains closed. 


Engine Bleed Air Valves 


The engine bleed air valve acts as a pressure regulator and shutoff valve. With the 
engine bleed air switch ON, the valve is DC activated and pressure operated. The 
valve maintains proper system operating pressure and reduces bleed air outflow in 
response to high bleed air temperature. 


Bleed Trip Sensors 


Bleed trip sensors illuminate the respective BLEED TRIP OFF light when engine 
bleed air temperature or pressure exceeds a predetermined limit. The respective 
engine bleed air valve closes automatically. 


Duct Pressure Transmitters 


Duct pressure transmitters provide bleed air pressure indications to the respective 
(L and R) pointers on the bleed air duct pressure indicator. The indicator is AC 
operated. 
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Isolation Valve 


The isolation valve isolates the left and right sides of the bleed air duct during 
normal operations. The isolation valve is AC operated. 


With the isolation valve switch in AUTO, both engine bleed air switches ON, and 
both air conditioning pack switches AUTO or HIGH, the isolation valve is closed. 
The isolation valve opens if either engine bleed air switch or air conditioning pack 
switch is positioned OFF. Isolation valve position is not affected by the APU bleed 
air switch. 


External Air Connection 


An external air cart/source provides an alternate air source for engine start or air 
conditioning. 


APU Bleed Air Valve 


The APU bleed air valve permits APU bleed air to flow to the bleed air duct. The 
valve closes automatically when the APU is shut down. The APU bleed air valve 
is DC controlled and pressure operated. 


With both the APU and engine bleed air valves open, and the engines operating at 
idle thrust, there is a possibility of APU bleed air backpressuring the 9th stage 
modulating and shutoff valve. This would cause the 9th stage valve to close. 


DUAL BLEED Light 


The DUAL BLEED light illuminates whenever the APU bleed air valve is open 
and the position of the engine bleed air switches and isolation valve would permit 
possible backpressure of the APU. Therefore, thrust must be limited to idle with 
the DUAL BLEED light illuminated. 
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Bleed Air System Schematic 


Air Systems - 
Bleed Air System Description 
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Wing-Body Overheat 


A wing-body overheat condition is caused by a bleed air duct leak. It is sensed by 
the overheat sensors located as shown. 


Wing-Body Overheat Ducts and Lights 
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Preface 


This section describes the air conditioning system for the 737-300 and the 
737-500. For information concerning the 737-400, see section 2.31. 


Introduction 


Conditioned air for the cabin comes from either the airplane air conditioning 
system or a preconditioned ground source. Air from the preconditioned ground 
source enters the air conditioning system through the mix manifold. 


The air conditioning system provides temperature controlled air by processing 
bleed air from the engines, APU, or a ground air source in air conditioning packs. 
Conditioned air from the left pack, upstream of the mix manifold, flows directly 
to the flight deck. Excess air from the left pack, air from the right pack, and air 
from the recirculation system is combined in the mix manifold. The mixed air is 
then distributed through the left and right sidewall risers to the passenger cabin. 


Air Conditioning Pack 


The flow of bleed air from the main bleed air duct through each air conditioning 
pack is controlled by the respective pack valve. Normally the left pack uses bleed 
air from engine No. | and the right pack uses bleed air from engine No. 2. A single 
pack is capable of maintaining pressurization and acceptable temperatures 
throughout the airplane up to the maximum certified ceiling. 


Two pack operation from a single bleed air source is not recommended due to 
excessive bleed air requirements. 


Airflow Control 


With both air conditioning pack switches in AUTO and both packs operating, the 
packs provide “normal air flow.” However, with one pack not operating, the other 
pack automatically switches to “high air flow” in order to maintain the necessary 
ventilation rate. This automatic switching is inhibited when the airplane is on the 
ground, or in-flight with the flaps extended, to insure adequate engine power for 
single engine operation. Automatic switching to “high air flow” occurs if both 
engine bleed air switches are OFF and the APU bleed air switch is ON, regardless 
of flap position, air/ground status or number of packs operating. 
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With the air conditioning pack switch in HIGH, the pack provides “high air flow.” 
Additionally, an “APU high air flow” rate is available when the airplane is on the 
ground, the APU bleed air switch is ON and either or both pack switches are 
positioned to HIGH. This mode is designed to provide the maximum airflow when 
the APU is the only source of bleed air. 


Ram Air System 


The ram air system provides cooling air for the heat exchangers. Operation of the 
system is automatically controlled by the packs through operation of ram air inlet 
doors. 


On the ground, or during slow flight with the flaps not fully retracted, the ram air 
inlet doors move to the full open position for maximum cooling. In normal cruise, 
the doors modulate between open and closed. The RAM DOOR FULL OPEN 
light illuminates whenever the ram door is fully open. 


A turbofan is located in each ram air exit duct just upstream of the exit louvres. It 
augments the ram airflow on the ground or during slow flight (flaps not retracted). 
The fan operates pneumatically using bleed air. It is activated electrically, when 
the pack is on, by the air-ground safety sensor or flap limit switch. 


Deflector doors are installed forward of the ram air inlet doors to prevent slush 
ingestion prior to liftoff and after touchdown. The deflector doors extends when 
activated electrically by the air—ground safety sensor. 


Cooling Cycle 


The flow through the cooling cycle starts with bleed air passing through a heat 
exchanger for cooling. The air then flows to an air cycle machine for refrigeration 
and to a water separator which removes moisture. The processed cold air is then 
combined with hot air. The conditioned air flows into the mix manifold and 
distribution system. 


Overheat protection is provided by temperature sensors located in the cooling 
cycle. An overheat condition causes the pack valve to close and the PACK TRIP 
OFF light to illuminate. 


Air Mix Valves 


The two air mix valves for each pack control hot and cold air according to the 
setting of the CONT CABIN or PASS CABIN temperature selector. Air that flows 
through the cold air mix valve is processed through a cooling cycle and then 
combined with hot air flowing from the hot air mix valve. 
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In the automatic temperature mode, the air mix valves are operated by the 
automatic temperature controller. The automatic temperature controller uses 
inputs from the respective temperature selector and cabin temperature sensor. The 
automatic temperature controller is bypassed when the temperature selector is 
positioned to MANUAL. 


Anytime the pack valve closes, the air mix valves are driven to the full cold 
position automatically. This aids start-up of the cooling cycle and prevents 
nuisance hot air trips when the pack is turned on. 
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Air Conditioning Pack Schematic 
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Air Conditioning Distribution 


Conditioned air is collected in the mix manifold. The temperature of the air is 
directly related to the setting of the CONT CABIN and PASS CABIN temperature 


selectors. 
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Overheat detection is provided by temperature sensors located downstream of the 
packs. An overheat condition causes the appropriate mix valves to drive full cold 
and the DUCT OVERHEAT light to illuminate. A temperature higher than the 
duct overheat causes the appropriate pack valve to close and the PACK TRIP OFF 
light to illuminate. 


Flight Deck 


Since the flight deck requires only a fraction of the air supply provided by the left 
pack, most of the left pack air output is mixed with the right pack supply and 
routed to the passenger cabin. 


Conditioned air for the flight deck branches into several risers which end at the 
floor, ceiling, and foot level outlets. Air diffusers on the floor under each seat 
deliver continuous air flow as long as the manifold is pressurized. 


Overhead diffusers are located on the flight deck ceiling, above and aft of the No. 
3 windows. Each of these outlets can be opened or closed as desired by turning a 
slotted adjusting screw. 


There is also a dual purpose valve behind the rudder pedals of each pilot. These 
valves provide air for warming the pilots’ feet and for defogging the inside of the 
No. | windshields. Each valve is controlled by knobs located on the Captain’s and 
First Officer’s panel, respectively. 


Passenger Cabin 


The passenger cabin air supply distribution system consists of the mix manifold, 
sidewall risers, and an overhead distribution duct. 


Sidewall risers go up the right and left wall of the passenger cabin to supply air to 
the overhead distribution duct. The overhead distribution duct routes conditioned 
air to the passenger cabin. It extends from the forward to the aft end of the ceiling 
along the airplane centerline and also supplies the sidewall diffusers. 


Recirculation Fan 


The recirculation fan system reduces the air conditioning system pack load and the 
engine bleed air demand. Air from the passenger cabin and electrical equipment 
bay is drawn to the forward cargo bay where it is filtered and recirculated to the 
mix manifold. The fan is driven by an AC motor. The fan operates with the 
recirculation fan switch in AUTO except with both packs on and one or both in 
HIGH. 


Equipment Cooling 


The equipment cooling system cools electronic equipment in the flight deck and 
the E & E bay. 
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The equipment cooling system consists of a supply duct and an exhaust duct. Each 
duct has a normal fan and an alternate fan. The supply duct supplies cool air to the 
flight deck displays and electronic equipment in the E & E bay. The exhaust duct 
collects and discards warm air from the flight deck displays, the overhead and aft 
electronic panels, circuit breaker panels in the flight deck, and electronic 
equipment in the E & E bay. 


Loss of airflow due to failure of an equipment cooling fan results in illumination 
of the related equipment cooling OFF light. Selecting the alternate fan should 
restore airflow and extinguish the OFF light within approximately 5 seconds. 


If an overtemperature occurs on the ground, alerting is provided through the crew 
call horn in the nose wheel well. 


Forward Cargo Compartment 


The recirculation fan system circulates air from the passenger cabin around the 
lining of the forward cargo compartment. On the ground, or with the cabin 
differential pressure less than 2.5 psi, the exhaust fan air is blown through a flow 
control valve and exhausted out the bottom of the airplane. With increasing 
airflow at greater cabin differential pressures, the flow control valve closes and 
exhaust air from the equipment cooling system is now diffused to the lining of the 
forward cargo compartment for in-flight heating. 


Conditioned Air Source Connection 


A ground air conditioning source may be connected to the mix manifold to 
distribute preconditioned air throughout the airplane. 
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Air Conditioning Distribution Schematic 
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Introduction 


Conditioned air for the cabin comes from either the airplane air conditioning 
system or a preconditioned ground source. Air from the preconditioned ground 
source enters the air conditioning system through the mix manifold. 


The air conditioning system provides temperature controlled air by processing 
bleed air from the engines, APU, or a ground air source in air conditioning packs. 
Conditioned air from the left pack, upstream of the mix manifold, flows directly 
to the flight deck. Excess air from the left pack, air from the right pack, and air 
from the recirculation system is combined in the mix manifold. The mixed air is 
then distributed through the left and right sidewall risers to the passenger cabin. 


Air Conditioning Pack 


The flow of bleed air from the main bleed air duct through each air conditioning 
pack is controlled by the respective pack valve. Normally, the left pack uses bleed 
air from engine No. | and the right pack uses bleed air from engine No. 2. A single 
pack is capable of maintaining pressurization and acceptable temperatures 
throughout the airplane up to the maximum certified ceiling. 


Two pack operation from a single bleed air source is not recommended due to 
excessive bleed air requirements. 


Airflow Control 


With both air conditioning pack switches in AUTO and both packs operating, the 
packs provide “normal air flow”. However, with one pack not operating, the other 
pack automatically switches to “high air flow” in order to maintain the necessary 
ventilation rate. This automatic switching is inhibited when the airplane is on the 
ground, or inflight with the flaps extended, to insure adequate engine power for 
single engine operation. Automatic switching to “high air flow” occurs if both 
engine bleed air switches are OFF and the APU bleed air switch is ON, regardless 
of flap position, air/ground status or number of packs operating. 


With the air conditioning pack switch in HIGH, the pack provides “high air flow”. 
Additionally, an “APU high air flow” rate is available when the airplane is on the 
ground, the APU bleed air switch is ON and either or both pack switches are 
positioned to HIGH. This mode is designed to provide the maximum airflow when 
the APU is the only source of bleed air. 
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The ram air system provides cooling air for the heat exchangers. Operation of the 
system is automatically controlled by the packs through operation of a ram door. 


On the ground, or during slow flight with the flaps not fully retracted, the ram door 
moves to the full open position for maximum cooling. In normal cruise, the doors 
modulate between open and closed. The RAM DOOR FULL OPEN light 
illuminates whenever the ram door is fully open. 


A turbofan is located in each ram air exit duct just upstream of the exit louvres. It 
augments the ram airflow on the ground or during slow flight (flaps not retracted). 
The fan operates pneumatically using bleed air. It is activated electrically, when 
the pack is on, by the air-ground safety sensor or flap limit switch. 


A deflector door is installed forward of the ram air inlet doors to prevent slush 
ingestion prior to liftoff and after touchdown. The deflector door extends when 
activated electrically by the air—ground safety sensor. 


Cooling Cycle 


Flow through the cooling cycle starts with bleed air passing through a heat 
exchanger for cooling. The air then flows to an air cycle machine for refrigeration. 
The processed cold air is then combined with hot air which has bypassed the air 
cycle machine, then through a high pressure water separator which removes 
moisture. This conditioned air then flows into the mix manifold and distribution 
system. 


Overheat protection is provided by temperature sensors located in the cooling 
cycle. An overheat condition causes the pack valve to close and the PACK light to 
illuminate. 


Pack Temperature Control 


Electronic controllers command the pack temperature control valve toward open 
or closed to satisfy pack discharge requirements. 


If a primary pack control fails, the affected pack is controlled by the standby pack 
control in the opposite controller. A primary or standby pack control failure causes 
the PACK, MASTER CAUTION and AIR COND System Annunciator lights to 
illuminate during recall. 


If both the primary and the standby pack controls fail for the same pack, the 
PACK, MASTER CAUTION, and AIR COND System Annunciator lights 
illuminate. The pack will continue to operate without control unless excessive 
temperatures cause the pack to trip off. 
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Air Conditioning Pack Schematic 
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Zone Temperature Control 


There are three zones: flight deck, forward cabin and aft cabin. Desired zone 
temperature is set by adjusting the individual Temperature Selectors. The selector 
range is approximately 65°F (18°C) to 85°F (30°C). 


The packs produce an air temperature that satisfies the zone which requires the 
most cooling. Zone temperature is controlled by introducing the proper amount of 
trim air to the zone supply ducts. The quantity of trim air is regulated by individual 
trim air modulating valves. 


During single pack operation with the TRIM AIR selected ON, zone temperature 
is controlled the same as during two-pack operation. During single pack operation 
with the TRIM AIR selected OFF, the pack attempts to produce an air temperature 
to satisfy the averarage temperature demands of all three zones. 


If air in a zone supply duct overheats, the associated amber ZONE TEMP light 
illuminates, and the associated trim air modulating valve closes. The trim air 
modulating valve may be reopened after the duct has cooled by pushing the TRIP 
RESET Switch. 


Zone Temperature Control Modes 


The left electronic controller controls the aft cabin zone and provides backup 
control for the flight deck. The right controller controls the forward cabin zone and 
provides primary control for the flight deck. 


Failure of the primary flight deck temperature control will cause an automatic 
switch to the back up control and will illuminate the CONT CAB amber ZONE 
TEMP light upon Master Caution Recall. Failure of both the primary and standby 
controls will illuminate the lights automatically. 


Failure of the forward or aft cabin temperature control will cause the associated 
trim air modulating valve to close. The Temperature Selectors operate normally, 
but the Temperature Selector settings of the two passenger cabin zones will be 
averaged. The amber ZONE TEMP light will illuminate upon Master Caution 
Recall to indicate failure of the associated zone control. 


Unbalanced Pack Temperature Control Mode 


Any failure affecting the supply of trim air will cause the temperature control 
system to control both packs independently. If flight deck trim air is lost, the left 
pack will provide conditioned air to the flight deck at the selected temperature and 
the right pack will satisfy the demand of the passenger zone which requires the 
most cooling. If a passenger cabin zone trim air, or all trim air is lost, the forward 
and aft zone temperature demands will be averaged for control of the right pack. 


If any individual zone is switched OFF, the Temperature Selector setting will be 
ignored by the temperature control system. 
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Standby Pack Average Temperature 


If all zone controls and primary pack controls fail, the standby pack controls 
command the packs to produce air temperatures which will satisfy the average 
temperature demand of the two cabin zones. The trim air modulating valves will 
close. The flight deck zone Temperature Selector will have no effect on the 
standby pack controls. 


Fixed Cabin Temperature 


If all Temperature Selectors are positioned OFF, the pack controls will cause the 
left pack to maintain a fixed temperature of 75°F (24°C) and the right pack to 
maintain 65°F (18°C) as measured at the pack temperature sensor. 


Air Conditioning Distribution 


Conditioned air is collected in the mix manifold. The temperature of the air is 
directly related to the setting of the Temperature Selectors. 


Overheat detection is provided by temperature sensors located downstream of the 
packs and the mix manifold. An overheat condition causes the appropriate trim air 
modulating valve to close and the ZONE TEMP light to illuminate. 


Flight Deck 


Since the flight deck requires only a fraction of the air supply provided by the left 
pack, most of the left pack output is routed to the mix manifold. 


Conditioned air for the flight deck branches into several risers which end at the 
floor, ceiling and foot level outlets. Air diffusers on the floor under each seat 
deliver continuous air flow as long as the manifold is pressurized. 


Overhead diffusers are located on the flight deck ceiling, above and aft of the No. 
3 windows. Each of these outlets can be opened or closed as desired by turning a 
slotted adjusting screw. 


There is also a dual purpose valve behind the rudder pedal of each pilot. These 
valves provide air for warming the pilots' feet and for defogging the inside of the 
No. | windshields. Each valve is controlled by knobs located on the Captain's and 
First Officer's panels. 


Passenger Cabin 


The passenger cabin air supply distribution system consists of the mix manifold, 
sidewall risers, and an overhead distribution duct. 


Sidewall risers go up the right and left walls of the passenger cabin to supply air 
to the overhead distribution duct. The overhead distribution duct routes 
conditioned air to the passenger cabin. It extends from the forward to the aft end 
of the ceiling along the airplane centerline and also supplies the sidewall diffusers. 
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Recirculation Fan 


The recirculation fan system reduces the air conditioning system pack load and the 
engine bleed air demand. Air from the passenger cabin and electrical equipment 
bay is drawn to the forward cargo bay where it is filtered and recirculated to the 
mix manifold. The fans are driven by AC motors. Each recirculation fan operates 
only if the respective RECIRC FAN switch is selected to AUTO. In flight, the left 
recirculation fan operates if both packs are operating unless either PACK switch 
is in HIGH. The right recirculation fan operates in flight if both packs are 
operating unless both PACK switches are in HIGH. On the ground, the left 
recirculation fan operates unless both PACK switches are in HIGH and the right 
recirculation fan operates even if both PACK switches are in HIGH. 


Equipment Cooling 


The equipment cooling system cools electronic equipment in the flight deck and 
the E & E bay. 


The equipment cooling system consists of a supply duct and an exhaust duct. Each 
duct has a normal fan and an alternate fan. The supply duct supplies cool air to the 
flight deck displays and electronic equipment in the E & E bay. The exhaust duct 
collects and discards warm air from the flight deck displays, the overhead and aft 
electronic panels, circuit breaker panels in the flight deck, and electronic 
equipment in the E & E bay. 


Loss of airflow due to failure of an equipment cooling fan results in illumination 
of the related equipment cooling OFF light. Selecting the alternate fan should 
restore airflow and extinguish the OFF light within approximately 5 seconds. 


If an overtemperature occurs on the ground, alerting is provided through the crew 
call horn in the nose wheel well. 


Forward Cargo Compartment 


The forward cargo compartment is warmed in flight when more than 2.5 psi 
pressure differential exists. Air from the E & E compartment flows up and around 
the forward cargo compartment lining. The right recirculation fan maintains this 
warming air flow. When the right recirculation fan is off, the forward outflow 
valve remains open to ensure this warm air flow (except when closed in order to 
maintain pressurization). 


Conditioned Air Source Connection 


A ground air conditioning source may be connected to the mix manifold to 
distribute preconditioned air throughout the airplane. 
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Air Conditioning Distribution Schematic 
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Introduction 


Cabin pressurization is controlled during all phases of airplane operation by the 
cabin pressure control system (CPCS). The CPCS includes one automatic 
controller and one standby controller available by selecting AUTO or STBY, and 
two manual (MAN) pilot-controlled modes. 


The system uses bleed air supplied to and distributed by the air conditioning 
system. Pressurization and ventilation are controlled by modulating the outflow 
valves. 


Pressure Relief Valves 


Two pressure relief valves provide safety pressure relief by limiting the 
differential pressure to a maximum of 8.65 psi. A negative relief valve prevents 
external atmospheric pressure from exceeding internal cabin pressure. 


Cabin Pressure Controller 


Cabin altitude is normally rate—controlled by the cabin pressure controller up to a 
cabin altitude of 8,000 feet at the airplane maximum certified ceiling of 37,000 
feet. The cabin pressure controller controls cabin altitude in the following modes: 
¢ AUTO —- Automatic pressurization control; normal mode of operation. 
Uses AC motor. 
¢ STBY — Semiautomatic pressurization control; standby mode of 
operation. Uses DC motor. 
¢ MAN AC - Manual control of the system using the AC motor. 
¢ MAN DC - Manual control of the system using the DC motor. 


In the automatic mode of operation, airplane altitude is sensed directly from the 
static ports. In the standby mode, airplane altitude is sensed electrically from the 
air data computer (ADC). Barometric corrections to these pressures come from the 
Captain’s altimeter in AUTO and the First Officer’s altimeter in STBY. 


The controller receives additional information from the air/ground sensor and the 
cabin pressure altitude sensing port. 
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Cabin Pressure Control System Schematic 
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Pressurization Outflow 


Cabin air outflow is controlled by the main outflow valve, the forward outflow 
valve and the flow control valve. During pressurized flight, the flow control valve 
is closed, and the majority of the overboard exhaust is through the main and 
forward outflow valves. A small amount is also exhausted through toilet and 
galley vents, miscellaneous fixed vents, and by seal leakage. 
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Flow Control Valve 


The flow control valve opens to exhaust the cooling air from the E & E 
compartment overboard during ground operation, unpressurized flight and 
pressurized flight below a cabin differential pressure of 2.5 psi. 


When the flow control valve closes, air is directed around the forward cargo 
compartment liner for inflight heating. 


Outflow Valves 


The main outflow valve can be actuated by either an AC or a DC motor. The AC 
motor is used during AUTO and MAN AC operation. The DC motor is used 
during STANDBY and MAN DC operation. 


The forward outflow valve closes automatically to assist in maintaining cabin 
pressure when the main outflow valve is almost closed or when the recirculation 
fan (right recirculation fan on 737-400 airplanes) is operating. The forward 
outflow valve is the overboard discharge exit for air circulated around the forward 
cargo compartment. The main outflow valve is the overboard exhaust exit for the 
majority of the air circulated through the passenger cabin. Passenger cabin air is 
drawn through foot level grills, down around the aft cargo compartment, where it 
provides heating, and is discharged overboard through the main outflow valve. 
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Pressurization Outflow Schematic 
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Auto Mode Operation 
In AUTO, the pressurization control panel is used to preset two altitudes into the 
pressure controller: 

¢ FLT ALT (flight or cruise altitude). 

e LAND ALT (landing or destination airport altitude). 


Takeoff airport altitude (actually cabin altitude) is input into the pressurization 
controller at all times when on the ground. 
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The air/ground safety sensor signals whether the airplane is on the ground or in 
the air. On the ground, the FLTI/GRD switch is used to keep the cabin 
depressurized by driving the main outflow valve full open when the switch is in 
the GRD position. With the switch in the FLT position, the controller modulates 
the main outflow valve toward close, slightly pressurizing the cabin. This ground 
pressurization of the cabin makes the transition to pressurized flight more gradual 
for the passengers and crew, and also gives the system better response to ground 
effect pressure changes during takeoff. 


In the air, the auto controller maintains a proportional pressure differential 
between airplane and cabin altitude. By increasing the cabin altitude at a rate 
proportional to the airplane climb rate, cabin altitude change is held to the 
minimum rate required. 


An amber OFF SCHED DESCENT light illuminates if the airplane begins to 
descend without having reached the preset cruise altitude; for example, a flight 
aborted in climb and returning to the takeoff airport. The controller programs the 
cabin to land at the takeoff field elevation without further pilot inputs. If the FLT 
ALT indicator is changed, the automatic abort capability to the original takeoff 
field elevation is lost. 


The cruise mode is activated when the airplane climbs to within 0.25 psi of the 
selected FLT ALT. During cruise, the controller maintains the cabin altitude 
slightly below the selected LAND ALT, if the differential pressure between the 
selected LAND ALT and FLT ALT is less than or equal to 7.8 psid above 28,000 
feet or 7.45 psid below 28,000 feet. If the differential pressure between the 
selected LAND ALT and FLT ALT is greater than these values, the controller 
maintains a pressure differential of 7.8 psid above 28,000 feet and 7.45 psid below 
28,000 feet. Deviations from flight altitude can cause the pressure differential to 
vary as the controller modulates the outflow valve to maintain a constant cabin 
altitude. 


The descent mode is activated when the airplane descends to 0.25 psi below the 
selected FLT ALT. The cabin begins a proportional descent to slightly below the 
selected LAND ALT. The controller programs the cabin to land slightly 
pressurized so that rapid changes in altitude during approach result in minimum 
cabin pressure changes. 


Taxiing in, the controller drives the main outflow valve slowly to full open when 
the FLT/GRD switch is positioned to GRD, thereby depressurizing the cabin. 
Having the main outflow valve full open also prevents the equipment cooling fan 
from depressurizing the airplane to a negative pressure. 
An amber AUTO FAIL light illuminates if any one of these conditions occurs: 

¢ Loss of AUTO AC power 

e Excessive rate of cabin pressure change (1890 sea level feet/minute) | 
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¢ Excessive differential pressure 
¢ High cabin altitude (13,875 feet). 


With illumination of the AUTO FAIL Light, the pressure controller automatically 
trips to STANDBY mode; however, the pressurization mode selector remains in 
AUTO. Positioning the mode selector to STBY extinguishes the light. 


Flight Path Events — Auto Mode 


CONSTANT FLT ALT SETTING 
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ACTIVATES 
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AP = 7.45 psid at or 
bel ow 28, 000 ft.) 


CRU! SE 


*Note: Deviations fromcruise alt 
can cause AP to vary. 


CABIN ALTITUDE VS. Al RPLANE ALTI TUDE 


Standby Mode Operation 


A green STANDBY light will be illuminated when the pressure controller is in the 
STANDBY mode. 


On the ground, the GRD position of the FLT/GRD switch drives the main outflow 
valve full open. The FLT position drives the main outflow valve to attempt to 
pressurize the cabin to the selected CAB ALT. CAB ALT should be set 200 feet 
below the takeoff airport altitude to pressurize the cabin properly when the 
FLT/GRD switch is placed to FLT prior to takeoff. 


In the air, by referring to the placard below the pressurization control panel, the 
cabin altitude indicator is set to the isobaric cabin altitude, based on the proposed 
flight altitude and pressure differential. Cabin rate of climb or descent is 
controlled by the cabin rate selector. In descent, the cabin altitude indicator is set 
200 feet below landing field altitude to insure a pressurized cabin during landing. 
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Manual Mode Operation 


A green MANUAL Light illuminates with the pressurization mode selector in 
MAN AC or MAN DC. 


Operation in the MAN modes assumes failure of the AUTO and STANDBY 
modes. Manual mode allows the pilot, by using the outflow valve switch, to 
modulate the main outflow valve while monitoring the outflow valve position 
indicator. MAN AC mode uses the AC motor to control the main outflow valve; 
MAN DC uses the DC motor. The rate of operation in MAN AC is faster than that 
in MAN DC. 
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Window Heat Panel 


Gd OVERHEAT| OVERHEAT| =| OVERHEAT| OVERHEAT 


0 ——E ON ON ON ON 
L W NDOW HEAT R 


FORWARD OVERHEAD PANEL 


@p Window OVERHEAT Lights 
Illuminated (amber) — overheat condition is detected. 


Note: OVERHEAT light also illuminates if electrical power to window is 
interrupted. 


@&®— Window Heat ON Lights 
Illuminated (green) — window heat is being applied to selected window. 
Extinguished — 

¢ switch is OFF, or 

¢ an overheat is detected, or 

¢ asystem failure has occurred, or 

* system is at correct temperature. 


ED WINDOW HEAT Switches 
ON — window heat is applied to selected window. 


OFF — window heat not in use. 


GD WINDOW HEAT Test Switch (spring-loaded to neutral) 


OVHT - simulates an overheat condition. 
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PWR TEST - provides a confidence test. 


Note: Refer to Supplementary Procedures for Window Heat Test procedures. 


Windshield/Foot Air Controls 


2 FOOT 
AIR 


BELOW CAPTAIN’S AND FIRST 
OFFICER’S INSTRUMENT PANELS 


WINDSHIELD AIR Controls 
PULL - supplies conditioned air to No. 1 windows for defogging. 


@p FOOT AIR Controls 
PULL - supplies conditioned air to pilots’ leg positions. 
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Windshield Wiper Panel 


RAI N REPELLENT 


©) O 


FORWARD OVERHEAD PANEL 


Rain Repellent Switches 


Push — applies measured amount of repellent on related window 1. 


@&® Windshield WIPER Selector 

PARK - turns off wiper motors and stows wiper blades. 
OFF -— turns off wiper motors. 

LOW - low speed operation. 

HIGH -— high speed operation. 


Copyright © The Boeing Company. See title page for details. 


December 07, 2001 D6-27370-400E-TBCE 3.10.3 


Anti-Ice, Rain - 


Controls and Indicators Qi SOEING 


737 Operations Manual 


Pitot Static Heat Panel 
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FORWARD OVERHEAD PANEL 


Pitot Static Lights 


Illuminated (amber) — related probe not heated. 


@® PITOT STATIC Switches 
ON -— power is supplied to heat related system. 
OFF — power off. 


@® TAT TEST Switch 


Push (on ground) — power is applied to temp probe. 


Engine Anti-Ice Panel 
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Illuminated (amber) — indicates an overpressure or overtemperature condition in 
duct downstream of engine cowl anti—ice valve. 


@p COWL VALVE OPEN Lights 


Illuminated (blue) — 


¢ bright — related cowl anti—ice valve is in transit, or, cowl anti—ice valve 
position disagrees with related ENGINE ANTI-ICE switch position 


e dim — related cowl anti—ice valve is open (switch ON). 


Extinguished — related cowl anti—ice valve is closed (switch OFF). 


BD ENGINE ANTI-ICE Switch 
ON - related engine anti—ice valve opens. 


OFF -— related engine anti—ice valve closes. 


Wing Anti-Ice Panel 


L VALVE | R VALVE 
| a Re OPEN 
W NG ANTI - 1 CE 


aad ©) 


FORWARD OVERHEAD PANEL 


Wing Anti-Ice VALVE OPEN Lights 
Illuminated (blue) — 


¢ bright — related wing anti—ice control valve is in transit, or, related wing 
anti—ice control valve position disagrees with WING ANTI-ICE switch 
position 

¢ dim — related wing anti—ice control valve is open (switch ON). 


Extinguished — related wing anti—ice control valve is closed (switch OFF). 
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@® WING ANTLICE Switch 


OFF — wing anti—ice control valves close. 
ON (in flight) — wing anti—ice control valves open. 


ON (on the ground) — 

* wing anti—ice control valves open if thrust on both engines is below 
takeoff warning setting and temperature inside both distribution ducts is 
below thermal switch activation temperature 

¢ control valves close if either engine thrust is above takeoff warning 
setting or thermal switch is activated in either distribution duct. Switch 
remains ON 


¢ switch trips OFF at lift-off. 
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Introduction 


Thermal anti-icing (TAD), electrical anti-icing, and windshield wipers are the 
systems provided for ice and rain protection. 


The anti-ice and rain systems include: 


¢ Flight Deck Window Heat ¢ Probe and Sensor Heat 
¢ Windshield Wipers and Rain ¢ Engine Anti-Ice System 
Repellent 


¢ Wing Anti-Ice System 


Anti-Ice Components Diagram 
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Flight Deck Window Heat 


Flight deck windows 1, 2, 4 and 5 consist of glass panes laminated to each side of 
a vinyl core. Flight deck window 4 has an additional vinyl layer and acrylic sheet 
laminated to the inside surface. Flight deck window 3 consists of two acrylic panes 
separated by an air space. 


A conductive coating on the outer glass pane of windows | and 2 permits electrical 
heating to prevent ice build-up and fogging. A conductive coating on the inner 
glass pane of windows 4 and 5 permits electrical heating to prevent fogging. 
Window 3 is not electrically heated. 


Flight Deck Window Heat Operation 


The FWD WINDOW HEAT switches control heat to window 1. The SIDE 
WINDOW HEAT switches control heat to windows 2, 4 and 5. 


Temperature controllers maintain windows | and 2 at the correct temperature to 
ensure maximum strength of the windows in the event of bird impact. Power to 
windows | and 2 is automatically removed if an overheat condition is detected. A 
thermal switch located on window 5 opens and closes to maintain the correct 
temperature of windows 4 and 5. 
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Flight Deck Window Heat Schematic 
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Windshield Wipers and Rain Repellent 


The rain removal system for the forward windows consists of windshield wipers 
and rain repellent. One windshield wiper is located on each No. 1 window. Each 
wiper is electrically operated by a separate system. Both wiper systems are 
controlled by a common switch. Each push of a rain repellent switch applies a 
measured amount of repellent on the related No. 1 windshield. 


CAUTION: Windshield scratching will occur if the windshield wipers are 
operated on a dry windshield. 
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Probe and Sensor Heat 


All pitot-static probes, the total air temperature probe, and angle airflow sensors 
are electrically heated to prevent the formation of ice. Alternate static ports are not 
heated. 


Engine Anti-Ice System 


Engine bleed air thermal anti-icing prevents the formation of ice on the engine 
cowl lip. Engine anti-ice operation is controlled by individual ENG ANTI-ICE 
switches. The engine anti—ice system may be operated on the ground and in flight. 


Engine Anti-Ice System Operation 

Each cowl anti-ice valve is electrically controlled and pressure actuated. 
Positioning the ENG ANTI-ICE switches to ON allows engine bleed air to flow 
through the cowl anti—ice valve for cow] lip anti—icing. 

If the cowl anti—ice valve fails to move to the position indicated by the ENG 
ANTI-ICE switch, the COWL VALVE OPEN light remains illuminated bright 
blue. 


The amber COWL ANTI-ICE light illuminates due to excessive temperature or 
pressure in the duct leading from the cowl anti—ice valve to the cowl lip. 
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Engine Anti-Ice System Schematic 
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Wing Anti-Ice System 


The wing anti—ice system provides protection for the leading edge slats by using 
bleed air. The wing anti—ice system does not include the leading edge flaps. 


The wing anti—ice control valves are AC motor—operated. With a valve open, 
bleed air flows to the leading edge slats through a telescoping duct, and is then 
exhausted overboard. The wing anti—ice system is effective with the slats in any 
position. 


Wing Anti-Ice System Operation 


On the ground, positioning the WING ANTI-ICE switch ON opens both control 
valves if thrust on both engines is below the setting for takeoff warning activation 
and the temperature inside both wing distribution ducts is less than the thermal 
switch activation temperature. 
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Both valves close if either engine thrust is above the takeoff warning setting or 
either temperature sensor senses a duct overtemperature. The valves automatically 
reopen if thrust on both engines is reduced and both temperature sensors are cool. 


With the air/ground sensor in the ground mode and the WING ANTI-ICE switch 
ON, the switch remains in the ON position regardless of control valve position. 
The WING ANTI-ICE switch automatically trips OFF at lift-off when the 
air/ground sensor goes to the air mode. 


In flight, both control valves open when the WING ANTI-ICE switch is 
positioned ON. Duct temperature and thrust setting logic are disabled and have no 
affect on control valve operation in flight. 


Valve position is monitored by the blue VALVE OPEN lights. 
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Wing Anti-Ice System Schematic 
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Mode Control Panel (MCP) 
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@p Autothrottle (A/T) ARM Switch 


ARM — Arms A/T for engagement. Magnetically held at ARM. A/T engages 
automatically when following AFDS modes are engaged: 

« LVL CHG 

« ALT ACQ 

e VIS 

« VNAV 

« ALT HOLD 

¢ G/S capture 

¢ TO/GA. 


OFF — disengages A/T and prevents A/T engagement. 
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@® Autothrottle Indicator Light 
Illuminated (green) — A/T ARM switch in ARM position. 


BD Changeover (C/O) Switch 
Push — 


¢ changes IAS/MACH display between IAS and MACH 
* automatic changeover occurs at approximately FL260. 


GD MCP Speed Condition Symbols 


Overspeed or underspeed limiting symbol appears when commanded speed 
cannot be reached. 


Underspeed limiting (flashing character “A”’) — minimum speed 


Overspeed limiting (flashing character “8”’) — 
¢ Vmo or Mmo limit 
e landing gear limit 
¢ flap limit 


@® IAS/MACH Display 


Displays speed selected by IAS/MACH selector 
e display is blank when: 
e VNAV mode engaged 
¢ A/T engaged in FMC SPD mode 
¢ during 2 engine AFDS go—around 
¢ displays 110 knots when power is first applied 
e display range is: 
e 110 KIAS — Vmo in 1 kt increments 
¢ .60M — Mmo in .01M increments. 


Gp N1 Switch 
Push — (light not illuminated) 
¢ engages A/T in N1 mode if compatible with AFDS modes already 
engaged 
e illuminates N1 switch light 
* annunciates N1 autothrottle mode. 
Push — (light illuminated) 
e deselects N1 mode and extinguishes switch light 
* engages autothrottles in ARM mode. 
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N1 Mode 


A/T maintains thrust at N1 limit selected from FMC CDU. NI mode engaged 
manually by pushing N1 switch if N1 mode is compatible with existing AFDS 
modes. N1 mode engages automatically when: 


* engaging LVL CHG in climb (except during period for 2 1/2 minutes after 
lift-off) 
* engaging VNAV in climb. 


SPEED Switch 


Push — (light not illuminated) 
¢ engages A/T in SPEED mode if compatible with engaged AFDS modes 
e illuminates SPEED switch light 
* annunciates MCP SPD autothrottle mode 
* maintains speed in MCP IAS/MACH display. 
Push — (light illuminated) 
¢ deselects speed mode and extinguishes switch light 
¢ engages A/T in ARM mode. 
Speed Mode 
Autothrottle holds speed in IAS/MACH display or a performance or limit speed. 
Speed mode engaged manually by pushing SPEED switch if speed mode is 
compatible with existing AFDS modes. Speed mode engages automatically when: 
¢ ALT ACQ engages 
e¢ ALT HOLD engages 
e V/S engages 
¢ G/S capture occurs. 


A/T does not set thrust above displayed N1 limit, however, A/T can exceed N1 
value manually set by N1 Manual Set Knob. 


ep IAS/MACH Selector 
Rotate — 
* sets speed in IAS/MACH display and positions airspeed cursor 


¢ selected speed is reference speed for AFDS and A/T 
* not operative when IAS/MACH display is blank. 
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Vertical Navigation 


GLARESHIELD 


VNAV Switch 


Push — 

e VNAV switch light illuminates 

¢ pitch mode annunciates VNAV SPD, VNAV PTH 

¢ A/T mode annunciates FMC SPD, N1, RETARD, or ARM 

¢ IAS/MACH display blanks and airspeed cursors positioned to FMC 

commanded airspeed. 

VNAV Mode 

The FMC commands AFDS pitch and autothrottle to fly vertical profile selected 
on FMC CDUs. Profile includes climb, cruise, descent, speeds, and can also 
include waypoint altitude constraints. 


Note: If the airplane is between the FMC target altitude (depicted on the RTE 
LEGS page for the active waypoint) and the manually entered MCP target 
altitude, VNAV will not engage. To enable VNAV, adjust the FMC or MCP 
target altitude as appropriate. 


Climb — 
¢ autothrottle holds FMC thrust limit 
e AFDS holds FMC target speed 
¢ automatic level off occurs at MCP altitude or VNAV altitude, whichever 
is reached first. 
Cruise — 
¢ autothrottle holds FMC target speed 
e AFDS holds FMC altitude 


¢ selecting a lower MCP altitude arms FMC to automatically begin descent 
upon arrival at FMC top of descent point. 
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Descent — 
e VNAV SPD descent 
¢ autothrottle holds idle 
e AFDS holds FMC target speed 
e VNAV PTH descent 


¢ autothrottle holds idle but can command FMC SPD mode if ground 
speed becomes too slow to maintain FMC vertical path 


e AFDS tracks FMC descent path 


¢ automatic level-off occurs at MCP altitude or VNAV altitude, 
whichever is reached first 


e VNAV constrained level-off annunciates VNAV PTH. 
Inhibited below 400 ft. RA or if performance initialization not complete. 
VNAV mode is terminated by any one of the following: 

¢ Selecting another pitch mode 

¢ Glideslope capture 

¢ Transition of glideslope intercept waypoint 

¢ flaps extended beyond 15 (prior to FMC U7.1) 


¢ Crosstrack greater than RNP while active leg has a nav data base vertical 
angle (FMC U7.1 or later, but prior to U10.3) 


@® Altitude Selector (SEL) 


Rotate — 
¢ sets altitude in ALTITUDE display in 100 foot increments 
¢ arms V/S mode if rotated while in ALT HOLD at selected altitude 


@® ALTITUDE Display 


Displays selected altitude 


¢ displayed altitude is reference for altitude alerting and automatic 
level-offs 


¢ altitude range is 0 to 50,000 feet in 100 foot increments 
¢ displays previously selected altitude when power first applied 


GD Vertical Speed (VERT SPEED) Display 
Displays: 
¢ blank when V/S mode not active 
¢ present V/S when V/S mode is engaged with V/S switch 
¢ selected V/S when V/S set with thumbwheel 
* range is —7900 to +6000 fpm. 
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Displays in increments of: 
¢ 50 fpm if V/S is less than 1000 fpm 
¢ 100 fpm if V/S is 1000 fpm or greater. 


@&p Vertical Speed Thumbwheel 
Rotate — 
* DN- 
* sets vertical speed in VERT SPEED display 
¢ increases rate of descent or reduces rate of ascent 
* UP- 
* sets vertical speed in VERT SPEED display. 
e increases rate of ascent or reduces rate of descent 


Gp Level Change (LVL CHG) Switch 
Push — 
¢ LVL CHG switch light illuminates 
¢ pitch mode annunciates MCP SPD for climb or descent 


¢ autothrottle mode annunciates N1 for climb and RETARD followed by 
ARM for descent 


¢ IAS/MACH display and airspeed cursors display target speed. 
LVL CHG Mode 
The LVL CHG mode coordinates pitch and thrust commands to make automatic 
climbs and descents to preselected altitudes at selected airspeeds. 

A LVL CHG climb or descent is initiated by: 

¢ selecting a new altitude 

e pushing LVL CHG switch 

¢ setting desired airspeed. 
Climb — 

¢ autothrottle holds limit thrust 

e AFDS holds selected airspeed. 
Descent — 

¢ autothrottle holds idle thrust 

e AFDS holds selected airspeed. 
Airspeed — 

¢ if aspeed mode is active when LVL CHG is engaged, this speed is 

retained as target speed 


¢ if aspeed mode is not active when LVL CHG is engaged, existing speed 
becomes target speed 
* speed can be changed with MCP IAS/MACH Selector. 
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Approach (APP) Switch 
(See Lateral Navigation) 


€&p Altitude Hold (ALT HLD) Switch 
Push — 


¢ engages ALT HOLD command mode 
* commands pitch to hold uncorrected barometric altitude at which switch 
was pressed 
* annunciates ALT HOLD pitch mode and illuminates ALT HLD switch 
light. 
Altitude Hold Command Mode 


ALT HOLD mode commands pitch to hold either: 
¢ MCP selected altitude 
* pitch mode annunciates ALT HOLD 
¢ ALT HLD switch light extinguishes 


* uncorrected barometric altitude at which ALT HLD switch was pressed if 
not at MCP selected altitude 


¢ pitch mode annunciates ALT HOLD 
¢ ALT HLD switch light illuminates. 
When in ALT HOLD at selected MCP altitude: 
¢ selecting a new MCP altitude illuminates the ALT HLD switch light and 
arms V/S mode 
¢ LVL CHG, V/S, and VNAV climb and descent functions are inhibited 
until anew MCP altitude is selected. 
ALT HOLD mode is inhibited after G/S capture. 


The selected MCP altitude is referenced to: 
¢ Captain’s barometric altimeter setting for A A/P and F/D. 
¢ First Officer’s barometric altimeter setting for B A/P and F/D. 


Note: After ALT HOLD engages, changes in altimeter barometric settings do not 
change the selected altitude reference. 


Ep Vertical Speed (V/S) Switch 


Push — 
* arms or engages V/S command mode 
* commands pitch to hold vertical speed 
¢ engages A/T in speed mode to hold selected airspeed 


* annunciates V/S pitch mode and illuminates V/S switch light. 
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The V/S mode commands pitch to hold selected vertical speed and engages A/T 
in SPEED mode to hold selected airspeed. V/S mode has both an armed and an 
engaged state. 
Engaged — 

* annunciates V/S pitch mode 

¢ vertical speed display changes from blank to present vertical speed 

e desired vertical speeds can be selected with vertical speed thumbwheel. 
V/S becomes armed if: 

¢ pitch mode is ALT HLD at selected MCP altitude and 

¢ new MCP altitude is selected (more than 100 feet from current altitude). 
With V/S armed, V/S mode is engaged by moving vertical speed thumbwheel. 
V/S mode automatically engages if ALT ACQ mode is engaged and a new MCP 


altitude is selected which is more than 100 feet different from previously selected 
altitude 


¢ Vertical speeds can be selected which command flight toward or away 
from selected altitude. 


Inhibited if: 
¢ ALT HOLD mode is active at selected MCP altitude 
e glide slope captured in APP mode. 


Lateral Navigation 


GLARESHIELD 
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COURSE Display 


Displays course set by course selector. 


Note: Different courses and frequencies on two VHF NAV receivers can cause 
disagreement between Captain and FO F/D displays and affect A/P 
operation. 


@® Heading Selector 
Rotate — 


¢ sets heading in HEADING display 
* positions selected heading bugs on both HSIs. 


<p HEADING Display 
Displays selected heading — same heading as HSI selected heading bug. 


Dp LNAV Switch 
Push — 
* commands AFDS roll to intercept and track the active FMC route 
* annunciates LNAV as roll mode and illuminates LNAV switch light. 
LNAV Mode 
In LNAV mode, the FMC controls AFDS roll to intercept and track active FMC 
route. Active route is entered and modified through FMC CDUs and can include 
SIDs, STARs, and instrument approaches. 
LNAV engagement criteria: 
* active route entered in FMC 


¢ within 3 NM of active route, LNAV engagement occurs with any airplane 
heading 


* outside of 3 NM, airplane must: 
* be on intercept course of 90 degrees or less 
* intercept route segment before active waypoint. 
LNAV automatically disconnects for following reasons: 
¢ reaching end of active route 
* reaching a route discontinuity 


* intercepting or missing the intercept of a selected approach course in 
VOR LOC or APP modes (VOR/LOC armed) 


¢ selecting HDG SEL 
¢ loss of capture criteria. 
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@p VOR Localizer (LOC) Switch 


Push — 
¢ commands AFDS roll to capture and track selected VOR or LOC course 
* annunciates VOR/LOC armed or engaged as roll mode and illuminates 
VOR LOC switch light. 
VOR LOC Mode 


Pushing the VOR LOC switch selects VOR mode if a VOR frequency is tuned or 
selects LOC mode if a localizer frequency is tuned. 


The VOR mode provides roll commands to track selected VOR course. 


The LOC mode provides roll commands to track selected localizer course along 
inbound front course bearing. 
The selected course can be intercepted while engaged in: 

« LNAV 

¢ HDG SEL 

¢ CWS R if an autopilot is engaged in CMD. 
The capture point is variable and depends on intercept angle and closure rate. 
Localizer capture occurs not later than 1/2 dot deviation. Course capture is 
indicated when VOR/LOC annunciation changes from armed to engaged. 
While engaged in VOR or LOC modes: 


¢ A autopilot and Captain’s F/D use information from Captain’s course 
selector and No. | VHF NAV receiver 

¢ B autopilot and First Officer’s F/D use information from First Officer’s 
course selector and No. 2 VHF NAV receiver 

e different courses and/or frequencies for two VHF NAV receivers can 
cause disagreement between the Captain’s and First Officer’s F/D 
displays and affect A/P operation. 


Note: When a localizer frequency is selected, VHF NAV radios automatically 
switch from tail antenna to nose antenna when VOR/LOC is annunciated 
(armed or engaged). If antenna switching does not occur, LOC mode is 
inhibited. 


Note: Localizer backcourse tracking is not available. 


@p Course Selector 


Sets course in COURSE display for related VHF NAV receiver, AFDS and HSI. 
Two course selectors and COURSE displays are located on the MCP. 
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Rotate Captain’s course selector — provides selected course information to: 
« AFCC 
¢ No. 1 VHF NAV receiver 
¢ Captain’s HSI course pointer and course deviation bar. 


Note: In VOR LOC or APP mode, the A A/P and Captain’s F/D use selected 
course and navigation data from the No. 1 VHF NAV receiver. 


Rotate First Officer’s course selector — provides selected course information to: 
« BFCC 
¢ No. 2 VHF NAV receiver 
¢ First Officer’s HSI course pointer and course deviation bar. 


Note: In VOR LOC or APP mode, B A/P and First Officer’s F/D use selected 
course and navigation data from No. 2 VHF NAV receiver. 


Bank Angle Selector 


Rotate — 
¢ Sets maximum bank angle for AFDS operation in HDG SEL or VOR 
modes 
* commanded bank angle can be selected at 10, 15, 20, 25, or 30 degrees. 


€® Heading Select (HDG SEL) Switch 


Push — 
* engages HDG SEL command mode 
* commands roll to follow selected heading 
* annunciates HDG SEL as FMA roll mode and illuminates HDG SEL 
switch light. 
Heading Select Command Mode 


The HDG SEL mode commands roll to turn to and maintain heading shown in 
MCP HEADING display: 
¢ initial selection commands turn in shortest direction toward selected 
heading bug 
¢ after mode engagement, roll commands are given to turn in same 
direction as rotation of heading selector 
¢ bank angle limit is established by bank angle selector 


¢ HDG SEL mode automatically disengages upon capture of selected radio 
course in VOR LOC and APP modes (VOR/LOC armed). 
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@&p Approach (APP) Switch 
Push — 
e illuminates APP switch light 
¢ arms the AFDS for localizer and glideslope capture 
¢ roll mode annunciates VOR/LOC armed 
¢ pitch mode annunciates G/S armed 
e enables engagement of both autopilots. 
APP Mode 


The approach mode arms AFDS to capture and track localizer and glideslope and 
can be engaged for dual or single autopilot operation. 

One VHF NAV receiver must be tuned to an ILS frequency before approach mode 
can be engaged. With one VHF NAV receiver tuned, onside AFDS is enabled for 
guidance and operation. 


For dual autopilot operation, both VHF NAV receivers must be tuned to the ILS 
frequency and both autopilots must be selected in CMD prior to 800 feet RA. 


APP mode operation: 
¢ localizer must be captured prior to glideslope 
¢ localizer can be intercepted in HDG SEL, LNAV, or CWS R 
¢ glideslope capture occurs at 2/5 dot below glideslope 
e APP switch light extinguishes after localizer and glideslope capture. 
After localizer and glideslope capture, APP mode can be disengaged by: 
¢ pushing a TO/GA switch 
¢ disengaging autopilot(s) and turning off both F/D switches 
¢ retuning the VHF NAV receiver. 
While engaged in the APP mode: 
e the A autopilot and Captain’s F/D use information from Captain’s Course 
Selector and No. | VHF NAV receiver 
e the B autopilot and First Officer’s F/D use information from First 
Officer’s Course Selector and No. 2 VHF NAV receiver 
¢ different courses and/or frequencies for the two VHF NAV receivers can 
cause disagreement between Captain’s and First Officer’s F/D displays 
and affect A/P operation. 


Note: After localizer and glideslope capture during a dual autopilot approach, 
CWS cannot be engaged by manually overriding pitch and roll. Manual 
override of autopilots causes autopilot disengagement. 
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Autopilot / Flight Director 


GLARESHIELD 


Autopilot Engage Switch 
Push — 


CMD 
* engages related autopilot in command mode (switch illuminates) 
¢ enables all command modes for AFDS in addition to autopilot CWS 
operation 
¢ selecting a second A/P in CMD disengages the first A/P, unless in APP 
mode. 
CWS 
* engages related autopilot in control wheel steering mode (switch 
illuminates) 
¢ pitch and roll are controlled through application of control wheel and 
column pressure 
¢ if attitudes acquired exceed autopilot limits, autopilot returns to attitude 
limits when control pressure is released 


¢ flight directors can be operated in command modes while an autopilot is 
engaged in CWS. 


@® Master (MA) Flight Director Indicators (white letters) 
If a F/D switch is ON, the light indicates which FCC is controlling the F/D modes. 
¢ [luminated — related FCC is controlling F/D modes. 


e Extinguished — F/D modes are controlled from opposite FCC. 
¢ Both lights illuminated — each FCC is controlling modes for related F/D. 


ep Flight Director (F/D) Switch 


Left F/D switch activates command bars on Captain’s ADI. Right F/D switch 
activates command bars on First Officer’s ADI. 
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ON -— 
¢ enables command bar display on related pilot’s ADI 
* command bars are displayed if command pitch and/or roll modes are 
engaged 
¢ displays FD in A/P status display if A/P is OFF or engaged in CWS 


* on ground, arms pitch and roll modes for engagement in TO/GA and 
WINGS LEVEL when TOGA switch is pushed 


e in flight with A/P ON and F/Ds OFF, turning a F/D switch ON engages 
F/D in currently selected A/P modes. 


OFF — Command bars retract from related pilot’s ADI. 


€®P Autopilot Disengage Bar 
Push down — 

e disengages both autopilots 

¢ exposes yellow background 

* prevents autopilot engagement. 
Lift up — 

¢ enables autopilot engagement 

¢ conceals yellow background. 


Autopilot / Autothrottle Controls 


a 


CONTROL STAND CONTROL WHEELS 


Autopilot Disengage Switch 
Push — 
e disengages both autopilots 
e A/P disengage lights flash 
e A/P disengage warning tone sounds for a minimum of two seconds 
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¢ second push extinguishes disengage lights and silences disengage 
warning tone 


¢ if autopilot automatically disengages, extinguishes A/P Disengage lights 
and silences A/P warning tone. 


@® Autothrottle Disengage Switches 
Push — 
¢ disengages autothrottle 
¢ A/T disengage lights flash 
¢ A/T ARM switch trips OFF 
* second press extinguishes A/T disengage lights 
* extinguishes A/T disengage lights after automatic A/T disengagement. 


€&p Takeoff/Go-Around (TO/GA) Switches 
Push — engages AFDS and A/T in takeoff or go—around mode if previously armed. 


Autopilot / Autothrottle Indicators 


1 
€b ‘ AP ANT FMC ( Ee eB 
P/ RST P/ RST P/ RST 2 
Fad TEST 


CAPTAIN’S INSTRUMENT PANEL 
F/0’S INSTRUMENT PANEL 


STAB 


emo 4 | 


TRIM 


CAPTAIN’S INSTRUMENT PANEL 


Autopilot (A/P) Disengage Light 
Illuminated (red) — 
¢ flashing — autopilot has disengaged (tone sounds) 
¢ reset by pushing either disengage light or either A/P disengage switch 
* steady — 


¢ stabilizer out of trim below 800 feet RA on dual channel approach 


¢ ALT ACQ mode inhibited during A/P go—around if stabilizer not 
trimmed for single A/P operation 
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e disengage light test switch held in position 2 
* automatic ground system tests fail. 
Illuminated (amber) — 


¢ flashing — autopilot has automatically reverted to CWS pitch or roll while 
in CMD 


e resets when either light is pressed or another mode engaged 
steady — disengage light test switch held in position 1. 


@® Autothrottle (A/T) Disengage Light 


Tluminated (red) — 

e flashing — autothrottle has disengaged 

¢ steady — disengage light test switch held in position 2. 
Illuminated (amber) — 


e flashing — indicates autothrottle speed error if speed not held within +10 
or -5 knots of commanded speed when all of the following conditions 
exist: 


¢ in flight 
¢ flaps not up 
e A/T engaged in MCP SPD or FMC SPD mode 


¢ automatic test of flashing function is performed if the A/T is engaged 
under the above conditions when more than 150 seconds have passed 
since liftoff 


¢ amber light flashes for 2 seconds, remains extinguished for 2 seconds, 
then flashes again for 2 seconds 


steady — disengage light test switch held in position 1. 


Ep Disengage Light TEST Switch 


TEST 1 — illuminates autopilot/autothrottle disengage and FMC alert lights steady 
amber. 


TEST 2 — illuminates autopilot/autothrottle disengage lights steady red and FMC 
alert light steady amber. 


Spring—loaded to center position. 


€® Stabilizer Out Of Trim (STAB OUT OF TRIM) Light 


Operates only with autopilot engaged. Remains extinguished with autopilot not 
engaged. 


Illuminated (amber) — autopilot not trimming stabilizer properly. 
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Altitude Alert 
OC00000 
ALTI TUDE OO0O0000000 
OCCOO000000O 
ALERT O0CO00000CO 
O©CCO0000000 
ABOVE EACH PILOT’S ee dea ae 
ALTIMETER C©O000D000N000 
oo0CO00000000 
OCOCO00CO 
(oRonomenenone) 


CAPTAIN’S OVERHEAD PANEL 
FIRST OFFICER’S OVERHEAD PANEL 


ALTITUDE ALERT Light 


Illuminated (amber) — airplane is approaching or departing selected altitude. 


@p Speaker 


Transmits alert tone when airplane approaches or departs selected altitude. 


Thrust Mode Display 


« o[erun 


CENTER INSTRUMENT PANEL 


Autothrottle Limit (A/T LIM) Light 


Illuminated (white) — Indicates A/T computer is calculating a degraded N1 limit 
for the affected engine or engines. 


@p Thrust Mode Display 


N1 limit reference is the active N1 limit for autothrottle and manual thrust control. 
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N1 limit reference is also displayed by N1 reference bugs with N1 SET control in 
AUTO position. 


N1 limit reference is normally calculated by the FMC. 


Thrust mode display/Thrust mode annunciator panel annunciations are: 


R - Reduced. Can appear with TO or CLB 
TO - Takeoff 

CLB - Climb 

CRZ - Cruise 

G/A - Go-around 

CON - Continuous 

——-—- FMC not computing thrust limit. 


Flight Mode Annunciations (FMAs) 


A/T ENGAGED MODE PI TCH ENGAGED MODE ROLL ENGAGED MODE AP. STATUS 


TOA (@ HDG SEL (@ CMD (G@ 
ws (@ VOR’ LOC (@ FD (@ 
ALT ACQ (G@ LNAV 

ALT HOLD (@ 
VINAV SPD (G 


CWS PITCH ENGAGED 
CVS P (Y) 


CWS ROLL ENGAGED 
CMS R (Y) 

SI NGLE CHANNEL 
1 CH (Y) 


EADI 


CAPT_| NST PANEL 
PITCH ARVED MODE F/O | NST PANEL 


ROLL ARVED MODE 


VOR’ LOC 

@s (Ww (W 

VWs (W 

asws(w 

FLARE (W 
MODE CHANGE HI GHLI GHT SYMBCL (@ - Geen 
A mode change hi ghli ght synbol (W - Wite 
(rectangle) is drawn around each (Y) - Yellow 


pitch, roll, CW6, and thrust engaged 
mode annunci ation for a period of 10 
seconds after each engagerent. 


CAPTAIN’S EADI 
FIRST OFFICER’S EADI 
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Automatic Flight Chapter 4 


System Description Section 20 


General 


The automatic flight system (AFS) consists of the autopilot flight director system 
(AFDS) and the autothrottle (A/T). The flight management computer (FMC) 
provides N1 limits and target N1 for the A/T and command airspeeds for the A/T 
and AFDS. 


The AFDS and A/T are controlled using the AFDS mode control panel (MCP) and 
the FMC. Normally, the AFDS and A/T are controlled automatically by the FMC 
to fly an optimized lateral and vertical flight path through climb, cruise and 
descent. 


AFS mode status is displayed on the flight mode annunciation on each pilot’s 
EADI. 


Autopilot Flight Director System 


The AFDS is a dual system consisting of two individual flight control computers 
(FCCs) and a single mode control panel. 


The two FCCs are identified as A and B. For A/P operation, they send control 
commands to their respective pitch and roll hydraulic servos, which operate the 
flight controls through two separate hydraulic systems. 


For F/D operation, each FCC positions the F/D command bars on the respective 
ADI. 


MCP Mode Selector Switches 


The mode selector switches are pushed to select desired command modes for the 
AFDS and A/T. The switch illuminates to indicate mode selection and that the 
mode can be deselected by pressing the switch again. While a mode is active, 
deselection can be automatically inhibited, indicated by the switch being 
extinguished. 


When engagement of a mode would conflict with current AFS operation, pushing 
the mode selector switch has no effect. All AFDS modes can be disengaged either 
by selecting another command mode or by disengaging the A/P and turning the 
F/Ds off. 
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Autopilot Engagement Criteria 


Each A/P can be engaged separately in CMD or CWS. A/P engagement in CMD 
or CWS is inhibited unless both of the following pilot—controlled conditions are 
met: 

¢ No force is being applied to the control wheel 

¢ The STAB TRIM AUTOPILOT cutout switch is at NORMAL. 
Only one A/P can be engaged at a given time unless the approach (APP) mode is 
engaged. Approach mode allows both A/Ps to be engaged at the same time. Dual 
A/P operation provides control through landing flare and touchdown or an 
automatic go—around. 


In single A/P operation, full automatic flare and touchdown capability and A/P 
go-—around capability are not available. 


If an autopilot is engaged in CMD with one or both F/Ds operating in command 
modes and the F/D command bars are not within approximately 1/2 scale of being 
centered, the A/P automatically engages in CWS for pitch and/or roll, and the F/D 
command bars retract. 


Autopilot Disengagement 


The A/P automatically disengages when any of the following occurs: 
¢ Pushing either A/P disengage switch 


¢ Pushing either Takeoff/Go—around (TO/GA) switch with a single A/P 
engaged in CWS or CMD below 2000 feet RA 


¢ Pushing either TO/GA switch after touchdown with both A/Ps engaged in 
CMD 


¢ Moving the A/P engage paddle to OFF 
¢ Activating either pilot’s control wheel trim switch 
¢ Moving the STAB TRIM AUTOPILOT cutout switch to CUTOUT 
¢ Loss of respective hydraulic system pressure 
¢ Repositioning the EFI transfer switch 
¢ Either left or right IRS system failure or FAULT light illuminated 
¢ Loss of electrical power or a sensor input which prevents proper operation 
of the engaged A/P and mode. 
Note: Loss of the system A engine-driven hydraulic pump and a heavy demand 
on system A may cause A/P A to disengage. 


AFS Failures 


Power interruption or loss may cause disengagement of the AFDS and/or A/T. 
Re-engagement is possible after power is restored. 


Dual channel A/P operation is possible only when two generators are powering the 
busses. 
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Two independent radio altimeters provide radio altitude to the related FCC. The 
Captain’s radio altimeter provides radio altitude to the A/T. With a radio altimeter 
inoperative, do not use the associated FCC or the A/T, if affected, for the approach 
or landing. 


Flight Director Display 


Turning a F/D switch ON displays command bars on the respective pilot’s ADI if 
command pitch and roll modes are engaged. If command pitch and roll modes are 
not engaged, the F/D command bars do not appear. The F/Ds can be operated with 
or without the A/P and A/T. F/D command modes can be used with an A/P 
engaged in CWS. 


F/D commands operate in the same command modes as the A/P except: 

¢ The takeoff mode is a F/D only mode 

¢ Dual F/D guidance is available for single engine operation 

¢ The F/D has no landing flare capability. F/D command bars retract from 

view at approximately 50 feet RA on an ILS approach. 

Normally, FCC A drives the captain’s command bars and FCC B drives the first 
officer’s command bars. With both F/D switches ON, the logic for both pilot’s F/D 
modes are controlled by the master FCC, and both FMA displays show the same 
mode status. 


The master FCC is indicated by illumination of the related master (MA) F/D 
indicator light. The master FCC is determined as follows: 
¢ With neither A/P engaged in CMD, the FCC for the first F/D turned on is 
the master 
e With one or both A/Ps engaged in CMD, the FCC for the first A/P in 
CMD is the master FCC, regardless of which F/D is turned on first. 
F/D modes are controlled directly from the respective FCC under certain 
conditions. This independent F/D operation occurs when neither A/P is engaged 
in CMD, both F/D switches are ON and one of the following mode conditions 
exists: 
¢« APP mode engaged with LOC and G/S captured 
¢ GA mode engaged and below 400 feet RA 
¢ TO mode engaged and below 400 feet RA. 
Independent F/D operation is indicated by illumination of both MA lights. When 
independent operation terminates, the MA light extinguishes on the slaved side. 
If a generator is lost during a F/D TO or GA, or while in dual F/D APP mode 
below 800 feet, the FCC on the unaffected side positions the F/D command bars 
on both ADIs. If the F/D MA light on the affected side had been illuminated, it 
extinguishes upon electrical bus transfer. 
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AFDS Status Annunciation 


The following AFDS status annunciations are displayed in the A/P status display 
located on the EADI: 
¢ CMD (one or both autopilots are engaged) 


¢ FD (the flight director is ON and the autopilot is either OFF or engaged in 
CWS) 


¢ CWS P (pitch mode engaged in CWS) 
¢ CWS R (roll mode engaged in CWS). 


AFDS Flight Mode Annunciations 


The flight mode annunciations are displayed on the EADI. The modes are in these 
categories: 

¢ autothrottle 

¢ pitch 

¢ roll 
Engaged or captured modes are shown at the top of the flight mode annunciation 
boxes in large green letters. Armed modes are shown in smaller white letters at the 
bottom of the flight mode annunciation boxes. 


Autothrottle Modes 

¢ N1-—The autothrottle maintains thrust at the selected N1 limit displayed 
on the thrust mode display 

¢ GA - The autothrottle maintains thrust at reduced go—around setting or 
full go—around N1 limit 

¢ RETARD - Displayed while autothrottle moves thrust levers to the aft 
stop; RETARD mode is followed by ARM mode 

¢ FMC SPD - The autothrottle maintains speed commanded by the FMC; 
the autothrottle is limited to the N1 value shown on the thrust mode 
display 

¢ MCP SPD - The autothrottle maintains speed set in the MCP IAS/MACH 
display; the autothrottle is limited to the N1 value shown on the thrust 
mode display 

¢ THR HLD -— The thrust lever autothrottle servos are inhibited. The pilot 
can set the thrust levers manually 

¢ ARM — No autothrottle mode engaged. The thrust lever autothrottle 
servos are inhibited; the pilot can set thrust levers manually 


Pitch Modes 


¢ TO/GA — Takeoff 


Engaged for takeoff by turning both F/D switches ON and pressing either 
TO/GA switch. Both F/Ds must be ON to engage TO/GA prior to starting 
takeoff. 


The AFDS commands pitch attitude in the following order: 
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¢ 10 degrees nose down until 60 knots IAS 
e 15 degrees nose up after 60 knots IAS 
e 15 degrees nose up after lift-off until a sufficient climb rate is 
acquired. Then, pitch is commanded to maintain MCP speed plus 20 
knots. 
TO/GA can also be engaged for takeoff with F/D switches OFF if a 
TO/GA switch is pushed after 80 knots IAS below 2,000 feet AGL 
and prior to 150 seconds after lift-off. 
¢ TO/GA —- Go-around 
Engaged for go-around by pressing the TO/GA switch under the 
following conditions: 
¢ in flight below 2,000 feet radio altitude 
¢ Not in takeoff mode 
¢ Either F/D ON or OFF 
The F/Ds command 15 degrees nose up pitch and roll to hold the 
approach ground track at time of go-around engagement. After 
reaching a programmed rate of climb, pitch commands the 
maneuvering speed for each flap setting based on maximum weight 
calculations. 
« VNAV - 
VNAV is engaged by pushing the VNAV switch. With a VNAV mode 
engaged, the FMC commands AFDS pitch and A/T modes to fly the 
vertical profile selected on the FMC CDUs. 
¢ VNAV SPD - The AFDS maintains the FMC speed displayed on the 
airspeed cursor and/or the CDU CLIMB or DESCENT pages 
¢ VNAV PTH - The AFDS maintains FMC altitude or descent path with 
pitch commands. 
e V/S (armed) — V/S mode can be engaged by moving Vertical Speed 
thumbwheel 
e V/S (engaged) — Pitch commands hold selected vertical speed 
e ALT ACQ - Transition maneuver entered automatically from a V/S, LVL 
CHG, or VNAV climb or descent to selected MCP altitude. Engages but 
does not annunciate during VNAV transition 
e ALT HOLD -— Pitch commands hold MCP selected altitude or uncorrected 
barometric altitude at which ALT HOLD switch was pushed 
¢ MCP SPD - Pitch commands maintain IAS/MACH window airspeed or 
Mach 
¢ G/S (armed) — The AFDS is armed for G/S capture 
¢ G/S (engaged) — The AFDS follows the ILS glideslope. 
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¢ FLARE (armed) — During a dual A/P ILS approach, FLARE is displayed 
after LOC and G/S capture and below 1500 feet RA. The second A/P 
couples with the flight controls, and A/P go—around mode arms. 


¢ FLARE (engaged) — During a dual A/P ILS approach, flare engages at 50 
feet radio altitude. FLARE accomplishes the autoland flare maneuver. 


Roll Modes 
e LNAV - The AFDS intercepts and tracks the active FMC route. Either of 
the following capture criteria must be met: 
¢ On any heading and within 3 NM of the active route segment 


¢ If outside of 3 NM of active route segment, airplane must be on an 
intercept course of 90 degrees or less and intercept the route segment 
before the active waypoint. 


¢ HDG SEL - The airplane is turning to or is on the heading selected in the 
MCP heading display 

¢ VOR/LOC (armed) — AFDS is armed to capture selected VOR or LOC 
COURSE 


¢ VOR/LOC (engaged) — AFDS tracks selected VOR course or tracks 
selected localizer course along the inbound front course bearing. 


Autopilot Control Wheel Steering 


CWS Engage Switch Selected 


Pressing a CWS engage switch engages the A/P pitch and roll axes in the CWS 
mode and displays CWS P and CWS R on the FMAs. 


With CWS engaged, the A/P maneuvers the airplane in response to control 
pressures applied by either pilot. The control pressure is similar to that required 
for manual flight. When control pressure is released, the A/P holds existing 
attitude. 


If aileron pressure is released with 6 degrees or less bank, the A/P rolls the wings 
level and holds existing heading. This heading hold feature with bank less than 6 
degrees is inhibited when any of the following conditions exist: 

¢ Below 1,500 feet RA with the landing gear down 

¢ After F/D VOR capture with TAS 250 knots or less 

¢ After F/D LOC capture in the APP mode. 


Pitch CWS with a CMD Switch Selected 
The pitch axis engages in CWS while the roll axis is in CMD when: 


« A command pitch mode has not been selected or was deselected 


¢ A/P pitch has been manually overridden with control column force. The 
force required for override is greater than normal CWS control column 
force. This manual pitch override is inhibited in the APP mode with both 
A/Ps engaged 
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CWS P is annunciated on the FMAs while this mode is engaged. Command pitch 
modes can then be selected. 


When approaching a selected altitude in CWS P with a CMD engage switch 
selected, CWS P changes to ALT ACQ. When at the selected altitude, ALT HOLD 
engages. 

If pitch is manually overridden while in ALT HOLD at the selected altitude, ALT 
HOLD changes to CWS P. If control force is released within 250 feet of the 
selected altitude, CWS P changes to ALT ACQ, the airplane returns to the selected 
altitude, and ALT HOLD engages. If the elevator force is held until more than 250 
feet from the selected altitude, pitch remains in CWS P. 


Roll CWS with a CMD Engage Switch Selected 


The roll axis engages in CWS while the pitch axis is in CMD when: 
¢ A command roll mode has not been selected or was deselected 
¢ A/P roll has been manually overridden with control wheel force. The 
force required for override is greater than the normal CWS control wheel 
force. 
CWS R is annunciated on the FMAs while this mode is engaged. 


CWS R with a CMD engage switch illuminated can be used to capture a selected 
radio course while the VOR/LOC or APP mode is armed. Upon intercepting the 
radial or localizer, the F/D and A/P annunciations change from CWS R to 
VOR/LOC engaged, and the A/P tracks the selected course. 


Autothrottle System 


The A/T system provides automatic thrust control from the start of takeoff through 
climb, cruise, descent, approach and go—around or landing. In normal operation, 
the FMC provides the A/T system with N1 limit values. 


The A/T moves the thrust levers with a separate servo motor on each thrust lever. 
Manually positioning the thrust levers does not cause A/T disengagement unless 
10 degrees of thrust lever separation is exceeded during a dual channel approach 
after FLARE armed is annunciated. Following manual positioning, the A/T may 
reposition the thrust levers to comply with computed thrust requirements except 
while in the THR HLD and ARM modes. 


The A/T system operates properly with the PMCs ON or OFF. In either case, the 
A/T computer controls to the FMC NI1 limits. During A/T operation, it is 
recommended that both PMCs be ON or both OFF, as this produces minimum 
thrust lever separation. A/T takeoffs may be performed with both PMCs OFF. 
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Autothrottle Engagement 


Moving the A/T arm switch to ARM arms the A/T for engagement in the N1, MCP 
SPD or FMC SPD mode. The A/T arm switch is magnetically held at ARM and 
releases to OFF when the A/T becomes disengaged. 


A general summary of A/T mode engagement is as follows: 
¢ A/T SPD or N1 modes automatically engage when AFDS command pitch 
modes become engaged 


e Engaging LVL CHG or VNAV climb modes automatically engages the 
A/T N1 mode 


¢ Engaging LVL CHG or VNAV descent modes automatically engages the 
A/T in RETARD and then ARM when thrust is at idle 


¢ If not ina VNAV mode, engagement of ALT ACQ or ALT HOLD 
automatically engages the A/T in the MCP SPD mode; otherwise the A/T 
remains in FMC SPD. 


¢ Engagement of G/S capture automatically engages the A/T in the MCP 
SPD mode. 


Autothrottle Disengagement 


Any of the following conditions or actions disengages the A/T: 

¢ Moving the A/T Arm switch to OFF 

¢ Pressing either A/T Disengage switch 

¢ An A/T system fault is detected 

¢ Two seconds have elapsed since landing touchdown 

e Thrust levers become separated more than 10 degrees during a dual 

channel approach after FLARE armed is annunciated. 

Additionally, on some airplanes, a thrust split monitor disengages the autothrottle 
if autopilot roll control requires significant spoiler deployment and thrust levers 
become separated. The thrust split monitor is active when flaps are less than 15, 
and the A/T is not engaged in the takeoff or go-around mode. 


A/T disengagement is followed by A/T Arm switch releasing to OFF and flashing 
red A/T Disengage lights. The A/T Disengage lights do not illuminate when the 
A/T automatically disengages after landing touchdown. 


Altitude Alerting System 


Altitude alerting references the altitude selected on the MCP. Alerting occurs 
when approaching or departing the selected altitude. Altitude alerting is inhibited 
when wing flaps are extended to 25 or greater, or while G/S is captured. 


Alerting consists of a momentary tone and illumination of an ALTITUDE ALERT 
light located adjacent to each pilot’s primary altimeter. 


Copyright © The Boeing Company. See title page for details. 


4.20.8 D6-27370-400E-TBCE December 1, 2000 


Automatic Flight - 


QAO: 7 ahd System Description 


737 Operations Manual 
Acquisition Alerting 


When approaching within 900 feet of selected altitude both ALTITUDE ALERT 
lights illuminate steady, and a momentary tone sounds. When at 300 feet from 
selected altitude, both ALTITUDE ALERT lights extinguish. 


Deviation Alerting 


Upon deviating from the selected altitude by more than 300 feet, a momentary 
tone sounds, and the ALTITUDE ALERT lights flash. Flashing continues until 
one of the following occurs: 

¢ Altitude deviation becomes less than 300 feet. 

¢ Altitude deviation becomes more than 900 feet. 

e A new altitude is selected. 


Altitude Alert 
900" Z 
m CAUTI GN d 
+300' ; uo 
ALTI TUDE 
SELECTED 1 
| 1000 
oe anaes 


© 


- 900 


— NO INDI CATI ONS 


--+- Acquisition: Aural warning tone nonentarily sounds 
and both | ALT ALERT|1i ghts illuminate 


st eady. 


soo Devi ati on: Aural warning tone nonent aril y sounds 
and both |ALT ALERT/1i ghts f! ash. 


Automatic Flight Operations 


The phases of flight for automatic flight operations are: 
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¢ Takeoff and climb e Approach and landing 
¢ Enroute ¢ Go-around 


Automatic Flight Takeoff and Climb 


Takeoff is a flight director only function of the TO/GA mode. Flight director pitch 
and roll commands are displayed, and the autothrottle maintains takeoff N1 thrust 
limit as selected from the FMC. The autopilot may be engaged after takeoff. 
Both F/Ds must be ON to engage the takeoff mode prior to starting the takeoff. 
The F/D takeoff mode is engaged by pressing the TO/GA switch on either thrust 
lever. The FMAs display FD as the A/P status, TO/GA as the pitch mode, and 
blank for the roll mode. 


During takeoff, pushing a TO/GA switch engages the autothrottle in the N1 mode. 
The A/T annunciation changes from ARM to N1 and thrust levers advance toward 
takeoff thrust. 

The F/D can also be engaged in the takeoff mode with the F/D switches off. If a 
TO/GA switch is pushed after 80 knots below 2000 feet AGL and prior to 150 
seconds after lift-off, the F/D command bars automatically appear for both pilots. 


During takeoff, prior to 60 KIAS: 
¢ the pitch command is 10 degrees nose down 
e the roll command is wings level 
¢ the autothrottle is engaged in the N1 mode 
e thrust levers advance until the engines reach takeoff thrust 


e the FMAs display N1 for the autothrottle mode, TO/GA for the pitch 
mode, and blank for the roll mode for airplanes which maintain wings 
level. 


At 60 knots, the F/D pitch commands 15 degrees nose up. 


At 84 knots (64 knots for airplanes with an earlier autothrottle computer), the A/T 
mode annunciates THR HLD. 


At lift-off: 
¢ the pitch command continues at 15 degrees until sufficient climb rate is 
acquired. Pitch then commands MCP speed (normally V2) plus 20 knots. 


¢ if an engine failure occurs during takeoff, the pitch command target speed 
is: 


¢ V2, if airspeed is below V2 
* existing speed, if airspeed is between V2 and V2 + 20 
e V2 + 20, if airspeed is above V2 + 20 
¢ the roll command maintains wings level (annunciation blank). 


Copyright © The Boeing Company. See title page for details. 


4.20.10 D6-27370-400E-TBCE June 07, 2002 


Automatic Flight - 


QAO: 7 ahd System Description 


737 Operations Manual 


After lift-off: 


e the A/T remains in THR HLD until 400 feet RA is reached and 
approximately 18 seconds have elapsed since liftoff. A/T annunciation 
then changes from THR HLD to ARM and reduction to climb thrust can 
be made by pressing the N1 switch. 


* automatic thrust reduction to climb power occurs when VNAV, ALT ACQ 
or ALT HOLD is engaged. Until 2 1/2 minutes after liftoff, automatic 
thrust reduction is inhibited when engaging LVL CHG or V/S modes. 


¢ flight director engaged status is terminated by engaging an autopilot in 
CMD (CMD replaces FD in A/P status display) 


* pitch engages in LVL CHG and pitch mode FMA is MCP SPD 

¢ MCP IJAS/Mach display and airspeed cursor change to V2 + 20 knots 

¢ roll mode maintains HDG SEL unless previously changed to LNAV or 

VOR/LOC. 

After lift-off: 
To terminate the takeoff mode below 400 feet RA, both F/D switches must be 
turned OFF. Above 400 feet RA, selection of another pitch mode or engaging an 
autopilot will terminate the takeoff mode; other F/D roll modes can be also 
selected. 


Copyright © The Boeing Company. See title page for details. 


December 06, 2002 D6-27370-400E-TBCE 4.20.11 


Automatic Flight - 


System Description QL SOEING 


737 Operations Manual 
Automatic Flight Takeoff Profile 
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Automatic Flight En Route 


The autopilot and/or the flight director can be used after takeoff to fly a lateral 
navigation track (LNAV) and a vertical navigation track (VNAV) provided by the 
FMC. 
Other roll modes available are: 

¢ VOR course (VOR/LOC) 

¢ heading select (HDG SEL). 
Other pitch modes available are: 

¢ altitude hold (ALT HOLD) 

¢ level change (MCP SPD) 

¢ vertical speed (V/S). 
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Automatic Flight Approach and Landing 


The AFDS provides guidance for single A/P non-precision approaches. The 
VOR/LOC switch arms the AFDS for VOR or localizer tracking. Descent prior to 
the Final Approach Fix may be accomplished using VNAV, LVL CHG, or V/S. 
VOR/LOC, LNAV, or HDG SEL may be used for the roll mode. 


The AFDS provides guidance for single or dual A/P precision approaches. The 
approach mode arms the AFDS to capture and track the localizer and glide slope. 


Approach (APP) Mode Dual Autopilots 


Approach mode allows both A/Ps to be engaged at the same time. Dual A/P 
operation provides fail passive operation through landing flare and touchdown or 
an automatic go—around. During fail passive operation, the flight controls respond 
to the A/P commanding the lesser control movement. If a failure occurs in one 
A/P, the failed channel is counteracted by the second channel such that both A/Ps 
disconnect with minimal airplane maneuvering and with aural and visual 
warnings to the pilot. 


One VHF NAV receiver must be tuned to an ILS frequency before the approach 
mode can be selected. For a dual A/P approach, the second VHF NAV receiver 
must be tuned to the ILS frequency and the corresponding A/P engaged in CMD 
prior to 800 feet RA. 


Localizer and Glide Slope Armed 


After setting the localizer frequency and course, pressing the APP switch selects 
the APP mode. The APP switch illuminates, and VOR/LOC and G/S annunciate 
armed. The APP mode permits selecting the second A/P to engage in CMD. This 
arms the second A/P for automatic engagement after LOC and G/S capture and 
when descent below 1500 RA occurs. 

The localizer can be intercepted in the HDG SEL, CWS R or LNAV mode. Glide 
slope capture cannot occur prior to localizer capture. 


Localizer Capture 


The LOC capture point is variable and depends on intercept angle and rate of 
closure, but does not occur at less than 1/2 dot. Upon LOC capture, VOR/LOC 
annunciates captured, 1 CH is annunciated for A/P status, the previous roll mode 
disengages and the airplane turns to track the LOC. 


Glide Slope Capture 
The G/S cannot be captured prior to localizer capture. The G/S can be captured 
from above or below. Capture occurs at 2/5 dot and results in the following: 

¢ G/S annunciates captured 

* previous pitch mode disengages 

¢ APP light extinguishes if localizer has also been captured 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE 4.20.13 


Automatic Flight - 


System Description QSOEING 


737 Operations Manual 


¢ airplane pitch tracks the G/S 
¢ GA displayed on thrust mode display (N1 thrust limit). 
After VOR/LOC and G/S are both captured, the APP mode can be exited by: 
* pressing a TO/GA switch 
¢ disengaging A/P and turning off both F/D switches 
e retuning a VHF NAV receiver. 


After LOC and G/S Capture 


Shortly after capturing both LOC and G/S and below 1500 feet RA: 
¢ the second A/P couples with the flight controls 
¢ test of the ILS deviation monitor system is performed and the G/S and 
LOC displays turn amber and flash 
¢ FLARE armed is annunciated 
e the 1 CH annunciation extinguishes 
e A/P go—around mode arms but is not annunciated. 
Note: After localizer and glideslope capture during a dual autopilot approach, 


CWS cannot be engaged by manually overriding pitch and roll. Manual 
override of autopilots causes autopilot disengagement. 


The A/Ps disengage and the F/D command bars retract to indicate an invalid ILS 
signal. 


800 Feet Radio Altitude 


The second A/P must be engaged in CMD by 800 feet RA to execute a dual 
channel A/P approach. Otherwise, CMD engagement of the second A/P is 
inhibited. 

400 Feet Radio Altitude 

The stabilizer is automatically trimmed an additional amount nose up. If the A/Ps 
subsequently disengage, forward control column force may be required to hold the 
desired pitch attitude. 


If FLARE is not armed by approximately 350 feet RA, both A/Ps automatically 
disengage. 

Flare 

The A/P flare maneuver starts at approximately 50 feet RA and is completed at 
touchdown: 


¢ FLARE engaged is annunciated and F/D command bars retract 

e The stabilizer is automatically trimmed an additional amount nose up at 
50 feet RA 

¢ The A/T begins retarding thrust at approximately 27 feet RA so as to 
reach idle at touchdown. A/T FMA annunciates RETARD 
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¢ The A/T automatically disengages approximately 2 seconds after 
touchdown 


¢ The A/P must be manually disengaged after touchdown. Landing rollout 
is executed manually after disengaging the A/P. 


Automatic Flight Approach 


The AFDS provides guidance for single A/P non-precision approaches. The 
VOR/LOC switch arms the AFDS for VOR or localizer tracking. Descent prior to 
the final approach fix may be accomplished using VNAV, LVL CHG, or V/S. V/S 
is the appropriate mode for descent on final approach. VOR/LOC, LNAV, or HDG 
SEL may be used for the roll mode. 


The AFDS provides guidance for single A/P precision approaches. The approach 
mode arms the AFDS to capture and track the localizer and glide slope. 


Approach (APP) Mode Single A/P 


A single A/P ILS approach can be executed by engaging only one A/P in CMD. 
Single A/P approach operation is the same as dual, with the following exceptions: 
¢ Full automatic flare and touchdown capability are not available. FLARE 
is not annunciated, and stabilizer trim bias is not applied 
e An A/P go-around is not available. 
One VHF NAV receiver must be tuned to an ILS frequency before the approach 
mode can be selected. 


Localizer and Glide Slope Armed 


After setting the localizer frequency and course, pressing the APP switch selects 
the APP mode. The APP switch illuminates, and VOR/LOC and G/S annunciate 
armed. The APP mode permits selecting the second A/P to engage in CMD. This 
arms the second A/P for automatic engagement after LOC and G/S capture and 
when descent below 1500 RA occurs. 


The localizer can be intercepted in the HDG SEL, CWS R or LNAV mode. Glide 
slope capture cannot occur prior to localizer capture. 


Localizer Capture 


The LOC capture point is variable and depends on intercept angle and rate of 
closure, but does not occur at less than 1/2 dot. Upon LOC capture, VOR/LOC 
annunciates captured, 1 CH is annunciated for A/P status, the previous roll mode 
disengages and the airplane turns to track the LOC. 
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Glide Slope Capture 
Glide slope capture cannot occur prior to localizer capture. The G/S can be 
captured from above or below. Capture occurs at 2/5 dot and results in the 
following: 

¢ G/S annunciates captured 

* previous pitch mode disengages 

e APP light extinguishes if localizer has also been captured 

¢ airplane pitch tracks the G/S 

¢ GA displayed on thrust mode display (N1 thrust limit). 
After VOR/LOC and G/S are both captured, the APP mode can be exited by: 

* pressing a TO/GA switch 

¢ retuning a VHF NAV receiver 

* overriding pitch or roll into CWS. 
At approximately 50 feet, RA, the F/D command bars retract. 


The autopilot must be manually disengaged prior to landing. 
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Automatic Flight Approach Profile 
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Go-Around 


Go-Around (GA) mode is engaged by pushing either TO/GA switch. An A/P 
go—around requires dual A/P operation and is armed when FLARE armed is 
annunciated. If both A/Ps are not operating, a manual F/D go—around is available. 


With the A/T Arm switch at ARM, the A/T go—around mode is armed when 
descending below 2000 feet RA, with or without the AFDS engaged. Once armed, 
the A/T go—around mode can be engaged until 2 seconds have elapsed after 
landing touchdown. 


A/P Go—Around 


The A/P GA mode requires dual A/P operation and is available after FLARE 
armed is annunciated and prior to the A/P sensing touchdown. 


With the first push of either TO/GA switch: 
e A/T (Gf armed) engages in GA and the A/T Engaged Mode annunciation 
on the FMA indicates GA 


¢ Thrust advances toward the reduced go—around N1 to produce 1000 to 
2000 fpm rate of climb 


¢ Pitch mode engages in TO/GA and the Pitch Engaged Mode annunciation 
on the FMA indicates TO/GA 


¢ F/D pitch commands 15 degrees nose up until reaching programmed rate 
of climb. F/D pitch then commands maneuvering speed for each flap 
setting based on maximum weight calculations 


¢ F/D roll commands hold current ground track. The Roll Engaged Mode 
annunciation on the FMA is blank 


¢ The IAS/Mach display blanks 
e The airspeed cursor displays maneuvering speed for existing flap setting 
based on maximum weight calculations. 
Note: If the go—around mode is selected after touchdown and prior to A/T 
disengagement, the A/Ps disengage and the A/Ts may command GA thrust. 


With the second push of either TO/GA switch after A/T reaches reduced 
go—around thrust, the A/T advances to the full go—around N1 limit. 


TO/GA mode termination from A/P go—around: 


¢ Below 400 feet RA, the AFDS remains in the go—around mode unless 
both A/Ps and F/Ds are disengaged 


¢ Above 400 feet RA, select a different pitch or roll mode. 
e Ifthe roll mode is changed first: 


¢ the selected mode engages in single A/P roll operation and is 
controlled by the A/P which was first in CMD 


¢ pitch remains in dual A/P control in TO/GA mode. 
e Ifthe pitch mode is changed first: 
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e the selected mode engages in single A/P pitch operation and is 
controlled by the A/P which was first in CMD 


e the second A/P disengages 
e the roll mode engages in CWS R. 
¢ The A/T GA mode is terminated when: 
¢ another pitch mode is selected 
¢ ALT ACQ annunciates engaged. 
Note: The pitch mode cannot be changed from TO/GA until sufficient 

nose—down trim has been input to allow single channel A/P operation. 
This nose—down trim is automatically added by the A/P to reset the trim 
input made by the A/P at 400 feet RA and at 50 feet RA during the 
approach. 


With pitch mode engaged in TO/GA, ALT ACQ engages when approaching the 
selected altitude, and ALT HOLD engages at the selected altitude if the stabilizer 
position is satisfactory for single A/P operation. 
¢ If stabilizer trim position is not satisfactory for single A/P operation: 

¢ ALT ACQ is inhibited 

e A/P disengage lights illuminate steady red 

¢ pitch remains in TO/GA. 

Note: To extinguish A/P disengage lights, disengage A/Ps or select higher 
altitude on MCP 


F/D Go—Around 


If both A/Ps are not engaged, a manual F/D only go-—around is available under the 
following conditions: 

¢ Inflight below 2000 feet RA 

¢ Not in takeoff mode. 


With the first push of either TO/GA switch: 


e A/T (if armed) engages in GA and advances thrust toward the reduced 

go—around N1 to produce 1000 to 2000 fpm rate of climb. The A/T 

Engaged Mode annunciation on the FMA indicates GA 

Autopilot (if engaged) disengages 

¢ Pitch mode engages in TO/GA and the Pitch Engaged Mode annunciation 
on the FMA indicates TO/GA 

¢ F/D pitch commands 15 degrees nose up until reaching programmed rate 
of climb. F/D pitch then commands maneuvering speed for each flap 
setting based on maximum weight calculations 


¢ F/D roll commands approach ground track at time of engagement. The 
Roll Engaged Mode annunciation on the FMA is blank 
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¢ The IAS/Mach display blanks 
¢ The airspeed cursor displays maneuvering speed for existing flap setting 
based on maximum weight calculations. 
With the second push of either TO/GA switch (if A/T engaged and after A/T 
reaches reduced go—around thrust: 
¢ The A/T advances to the full go—around N1 limit 


TO/GA mode termination from F/D go—around: 
¢ Below 400 feet RA, both F/D switches must be turned off. 
¢ Above 400 feet RA, select a different pitch or roll mode. 
e Ifthe roll mode is changed first: 
¢ F/D roll engages in the selected mode 
¢ the F/D pitch mode remains in TO/GA. 
e Ifthe pitch mode is changed first: 
¢ the F/D roll mode automatically changes to HDG SEL 
¢ F/D pitch engages in the selected mode. 
¢ The A/T GA mode (if engaged) is terminated when: 
¢ another pitch mode is selected 
¢ ALT ACQ annunciates engaged. 
Note: Engaging an A/P in CMD automatically engages the A/P and F/Ds in 
LVL CHG for pitch and HDG SEL for roll. 


Single Engine F/D Go—Around 


With a push of either TO/GA switch: 
¢ F/D roll commands hold current ground track. The Roll Engaged Mode 
annunciation on the FMA is blank 
¢ Pitch mode engages in TO/GA and the Pitch Engaged Mode annunciation 
on the FMA indicates TO/GA 
¢ The F/D target speed is displayed on IAS/Mach display 
¢ The F/D target speed is displayed on the airspeed cursor 
¢ F/D pitch commands 13 degrees nose up. As climb rate increases, F/D 
pitch commands maintain a target speed. 
¢ If engine failure occurs prior to go—around engagement, then F/D 
target speed is the selected MCP speed. 
¢ If engine failure occurs after go—around engagement, then F/D target 
speed depends on whether ten seconds have elapsed since go—around 
engagement: 
¢ If prior to ten seconds, the MCP selected approach speed becomes 
target speed 
e If after ten seconds and the airspeed at engine failure is within five 
knots of the go—around engagement speed, the airspeed that 
existed at go—around engagement becomes target speed 
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¢ If after ten seconds and the airspeed at engine failure is more than 

five knots above go—around engagement speed, then the current 
airspeed becomes target speed. 

Note: The target speed is never less than V2 speed based on flap position 
unless in windshear conditions. 


F/D commanded acceleration cannot occur until a higher speed is selected on the 
MCP IAS/Mach display. 


Automatic Flight Go—Around Profile 


Missed Approach 
altitude 


MCP SPD | ALT HLD LNAV CVD -- : 
¢ Pitch mode 


engages in 
ALT HLD 


Approaching 
Missed Approach 


¢ Pitch mode 
engages in 
ALT ACQ 
¢ A/T engages 
in MCP SPD 


Flap retract 
altitude 


* Retract flaps 
on schedule 


Above 400 feet 


¢ Select roll 
mode 


Push TO/GA 
switches 


¢ A/T engages 
in G/A 
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AFS Operation in Windshear 


General 


The autopilot and flight director provide positive corrective action to counteract 
most windshears. The autothrottle system also aids in windshear recovery by 
providing quick response to any increase or decrease in speed. The commanded 
levels of power may be beyond what the average pilot might consider necessary 
but, in fact, are required by the situation. 


Takeoff or Go—Around 


If windshear is encountered during F/D takeoff or go—around, the F/D pitch 
command bar provides commands to maintain V2 + 20 kts until vertical speed 
decreases to approximately +600 fpm. At this point, the F/D pitch bar commands 
a 15 degree nose-up pitch attitude. If vertical speed continues to decrease, the F/D 
continues to command a 15 degree pitch attitude until a speed of approximately 
stick shaker is reached. It then commands pitch attitudes which result in 
intermittent activation of the stick shaker. As the airplane transits the windshear 
condition, the F/D programming reverses. As climb rate increases above 
approximately +600 fpm, the F/D commands pitch attitudes which result in 
acceleration back to V2 + 20 kts. The A/P and F/D both operate in a similar 
manner during A/P or F/D go—around. 


Approach and Landing 


If windshear is encountered during an ILS approach, both the F/D and A/P attempt 
to hold the airplane on altitude, or on glideslope after glideslope capture, without 
regard to angle of attack or stick shaker limitations. Airspeed could decrease 
below stick shaker and into a stall if the pilot does not intervene by pressing the 
TO/GA switch or disconnecting the A/P and flying manually. 


WARNING: Although the F/D, A/P and A/T may be performing as 
previously described, severe windshear may exceed the 
performance capability of the system and/or the airplane. In 
this situation, the flight crew must, if necessary to avoid 
ground contact, be prepared to disconnect the autothrottle, 
advance thrust levers to the forward stop, disconnect the 
autopilot and manually fly the airplane. 


Command Speed Limiting and Reversion Modes 


AFS command limiting and reversion operation is independent of the stall 
warning and mach/airspeed warning systems. 


Copyright © The Boeing Company. See title page for details. 


4.20.22 D6-27370-400E-TBCE December 1, 2000 


Automatic Flight - 
BOLING . Ene 
System Description 
737 Operations Manual 
FLASHING FLASHI NG 
| AS/ MACH | AS’ MACH 
l 
! 
UNDERSPEED LI M TING OVERSPEED LI M TI NG 
- Mni mum speed - Vivo or My linit 
- Landing gear linit 
- Flap limit 


MCP SPEED CONDI TI ON SYMBOLS 


Command Speed Limiting 


The AFS provides speed, pitch and thrust commands to avoid exceeding the 
following limit speeds: 

¢ Vmo/Mmo 

e Wing flap placards 

e Landing gear placard 

¢ Minimum speed. 


The commanded speed can be equal to, but will not exceed a limit speed. 


Speeds greater than Vmo/Mmo cannot be selected from the MCP. Speeds can be 
selected which exceed flap and gear placards or are less than minimum speed. 


Minimum speed is based on angle of attack and is approximately 1.3 Vs for the 
current flap configuration. It is sensed by the angle of attack vanes, one on either 
side of the forward fuselage. 


If a speed greater than a placard speed, or less than minimum speed is selected, the 
AFS allows acceleration or deceleration to slightly short of the limit, then 
commands the limit speed. The overspeed or underspeed limiting symbol appears 
in the MCP IAS/Mach display when the commanded speed cannot be reached. 


Either pitch or thrust, whichever is engaged in a speed mode, attempts to hold the 
limit speed. The commanded limit speed and MCP speed condition symbol, 
remain until another speed is selected which does not exceed the limit. A speed 15 
kts greater than the minimum speed must be selected to remove the underspeed 
limiting symbol. 


Reversion Modes 


During some flight situations, speed control by the AFDS or A/T alone could be 
insufficient to prevent exceeding a limit speed. If this occurs, AFDS or A/T modes 
automatically revert to a more effective combination. The reversion modes are: 

¢ Placard limit reversion 

¢ Minimum airspeed reversion 
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Mode reversion occurs slightly before reaching the limit speed. Both the AFDS 
and A/T have reversion modes which activate according to the condition causing 
the reversion. 


Placard Limit Reversion 


When one of the placard limit reversions (gear, flap or Vmo/Mmo) is reached, the 
overspeed limiting symbol appears in the MCP IAS/Mach display and the 
following occurs: 
¢ Ifnotin AFDS or A/T speed control and the A/T is armed, the A/T reverts 
to SPEED and controls speed to the placard limit. 
¢ Ifin AFDS or A/T speed control, no reversion is necessary. The AFDS or 
A/T, whichever is controlling speed, holds speed slightly below the 
placard limit. 
¢ Ifthe A/T is not available, no reversion response to gear or flap placard 
speeds is available. The AFDS reverts to speed control for Vmo/Mmo 
speed limiting. 
Minimum Speed Reversion 


The AFDS and A/T do not control to a speed which is less than minimum speed 
for the current flap configuration. This speed is approximately 1.3 Vs. Minimum 
speed, FMC speed, or selected speed, whichever is higher, becomes the AFS 
commanded speed. If actual speed becomes equal to or slightly less than the 
minimum speed, the underspeed limiting symbol appears in the MCP IAS/Mach 
display, and if operating in the V/S mode, the AFDS reverts to LVL CHG. The 
AFDS will also revert to LVL CHG from VNAV PTH, except when capturing or 
flying a level segment. 


The AFDS commands a speed 5 knots greater than minimum speed. Selecting a 
speed 15 knots greater than minimum speed reactivates normal MCP speed 
selection control. The AFDS commands nose down pitch to increase airspeed if 
the thrust levers are not advanced. When actual speed becomes 15 knots greater 
than minimum speed, the underspeed limiting symbol disappears. 


The A/P disengages, and the F/D command bars retract when ina LVL CHG climb 
with a command speed equal to minimum speed and a minimum rate of climb 
cannot be maintained without decelerating. 


Minimum speed reversion is not available when the A/T is OFF and the AFDS is 
in ALT HOLD, ALT ACQ, or after G/S capture. Minimum speed reversion is also 
not available when in VNAV PTH and capturing or flying a level segment. 
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VHF Communication Panel 


o-;___e» 
e— ( (23 a 

Vv FREQ SEL O 

us M 
-O 0} 


t As installed 


AFT ELECTRONIC PANEL 


@p VHF Communications Transfer (TFR) Switch 


Selects which frequency as active for the transceiver. 


q@p Frequency Indicator 


Indicates selected frequency. 


ep Frequency Selector 


Rotate — selects frequency in related indicator: 
* outer selector changes three left digits 
¢ inner selector changes two right digits. 


@® Active Frequency Light 


Illuminated (white)—indicates related frequency is selected. 
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5 
TFR 
2 
FREQ SEL 
3 
4 


[t As installed 


AFT ELECTRONIC PANEL 


VHF Communications Transfer (TFR) Switch 


Selects which frequency as active for the transceiver. 


@p Frequency Indicator 


Indicates selected frequency. 


ep Frequency Selector 


Rotate — selects frequency in related indicator: 
¢ outer selector changes three left digits 
e inner selector changes two right digits. 


@_— Communication (COMM) TEST Switch 
Push — 


* removes automatic squelch feature, permitting reception of background 
noise and thereby testing receiver operation 


¢ improves reception of weak signals. 


@p Active Frequency Light 


Illuminated (white)—indicates related frequency is selected. 
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HF Communication Panel 


AFT ELECTRONIC PANEL 


Frequency Selector 


Rotate — selects frequency. 


@D Mode Selector 
OFF -— transceiver not powered. 
USB (Upper Sideband) — transmits and receives on higher side of frequency. 


AM (Amplitude Modulation) — transmits and receives on selected frequency with 
a carrier wave. 


ep Frequency Indicator 
¢ indicates selected frequency 
e frequency range from 2,000 to 29,000 megahertz. 


@®p REF/HF Sensitivity Control 

Rotate—controls sensitivity of receiver. 
¢ (clockwise) increases sensitivity for reception of weak or distant stations 
¢ (counterclockwise) decreases sensitivity to reduce noise and static. 


Note: decreasing sensitivity too far prevents reception, including SELCAL 
monitoring of HF radio. 
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Audio Selector Panel (ASP) 


ep 
@ @ a @ @ oo 
ed 1- NAV- 2 1-ADF-2 -MKR, SPKR 
. 3 
Gp 


FLIGHT DECK CREW STATIONS 


Transmitter Selector (MIC SELECTOR) Switches 
Illuminated (white) — related switch is active. 
Push — 
¢ selects related communication system for transmission 
¢ only one switch may be selected at a time; pushing a different switch 
deselects active switch 


¢ receiver also selected on regardless of whether related receiver switch is 
on. 


@® Receiver Switches 
Illuminated (white) — related switch is active. 
Rotate — adjusts volume. 


Push — 
¢ receiver selected for related communication system or navigation receiver 
¢ multiple switches may be selected 


Push again — deselects related system or receiver. 


pp Push-to-talk Switch 


(spring—loaded to neutral position) 
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R/T (radio—transmit) —keys oxygen mask or boom microphone for transmission as 
selected by transmitter selector. 


I/C (Intercom) — keys oxygen mask or boom microphone for direct transmission 
over flight interphone and bypasses transmitter selector. 


@p MASK-BOOM Switch 
MASK - selects oxygen mask for transmissions. 


BOOM - selects boom microphone for transmissions. 


@p Speaker (SPKR) Switch 

Illuminated (white) - SPKR switch is active. 

Push — audio from selected receiver switches is heard on overhead speaker. 
Rotate — adjusts overhead speaker volume. 


Push again — deselects audio from selected receiver switches to be heard on 
overhead speaker. 


@® Alternate—Normal (ALT—-NORM) Switch 
NORM (Normal) — ASP operates normally. 
ALT (Alternate) — ASP operates in degraded mode. 


Filter Switch 

V (Voice) — receive NAV and ADF voice audio. 

B (Both) — receive NAV and ADF voice and range audio. 

R (Range) — receive NAV and ADF station identifier range (code) audio. 
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Miscellaneous Communication Controls (Typical) 


OVERHEAD 
SPEAKER 


FLIGHT DECK CREW STATIONS 


Overhead Speaker 


Monitors audio from related pilot’s ASP. 


@p® Standard Microphones 


Choose desired microphone for voice transmission through selected radio, 
interphone system, or passenger address (PA). 


pp Headset or Headphones 


Monitors audio from related ASP. 
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@P Communication Jacks 


Used for appropriate microphone or headphone plugs. 


@&p Push-To-Talk Switch 
MIC (microphone) — 
e selects oxygen mask or boom microphone for transmission, as selected by 


ASP transmitter selector. 
e Same as using ASP PTT switch (R/T position). 


OFF -— center position. 
INT (interphone) — 
¢ selects oxygen mask or boom microphone for direct transmission over 
flight interphone 
¢ bypasses ASP transmitter selector 
* same as using ASP PIT switch (I/C position). 


@p Push-To-Talk Switch 


Push — keys hand microphone for transmission, as selected by ASP transmission 
selector. 
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Interphone and Passenger Address Controls 


SERVI CE 
| NTERPHONE 
OFF 
o——@) 
ON FLIGHT SERVICE 
AFT OVERHEAD PANEL EXTERNAL POWER 


CONNECTOR PANEL 


e- 


) 66056 


CONTROL STAND 
FLIGHT DECK CREW/ 


ATTENDANT STATIONS 


SERVICE INTERPHONE Switch 
OFF — 


¢ external jacks are deactivated 
* communication between flight deck and flight attendants is still possible. 


ON -— adds external jacks to service interphone system. 


@p Service INTERPHONE Handset Jack 


With microphone installed, used to communicate with flight attendant stations: 
¢ with SERVICE INTERPHONE switch ON, also used to communicate 
with any external jack location 
¢ bypasses ASP. 
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With microphone installed: 


¢ used to make PA announcements 
¢ bypasses ASPs. 


@® FLIGHT INTERPHONE Jack 


Connects ground crew to Flight Interphone system. 


@@ SERVICE INTERPHONE Jack 


Connects ground crew to Service Interphone system if Service Interphone switch 
is ON. 


ap Flight Deck / Attendant PA Hand Microphone 


Used to make PA announcements. 


Cockpit Voice Recorder 


COCKPI T VOI CE RECORDER 


[i As install ed 


FORWARD OVERHEAD PANEL 


COCKPIT VOICE RECORDER MONI TOR 


[— As installed 


FORWARD OVERHEAD PANEL 
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Pointer deflection indicates recording or erasure on all four channels 
(approximately a one second delay); during test, pointer rises into green band. 


q@p Area Microphone 
Active anytime 115V AC is applied to airplane. 


ep HEADSET Jack 


Headset may be plugged into jack to monitor tone transmission during test, or to 
monitor playback of voice audio. 


@® ERASE Switch 


Push (14 seconds) — 
e all four channels are erased 
¢ monitor indicator momentarily deflects 
* operates only when airplane is on ground and parking brake is set. 


@p TEST Switch 
Push — 


¢ after a slight delay, monitor indicator rises into green band 
* atone may be heard through a headset plugged into HEADSET jack. 
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GRD = 
ATTEND CALL <EXIT=> 
2, -O 3 
3 an as rs 
—— PASSENGER CABIN 
FORWARD AND AFT 
FWD OVHD PANEL 
PI LOT 
B+ -O 
CALL CAPTAI N “ATTENDANT RESET 
EXTERNAL POWER 
CONNECTOR PANEL ATTENDANT PANELS 


Ground Call (GRD CALL) Switch 


Push — sounds a horn in nose wheel well until released. 


@® Attendant Call (ATTEND CALL) Switch 


Push — 
¢ sounds a two-tone chime in the passenger cabin. 
e illuminates both pink master call lights. 


ep Flight Deck CALL Light 
Illuminated (blue) — flight deck is being called by flight attendants or ground crew. 
Extinguished when Captain Call or Pilot Call switch released. 


@@p PILOT CALL Switch 
Push — sounds a single-tone chime in flight deck. 


Flight deck CALL light extinguished when switch is released. 
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Push — sounds a single—tone chime in flight deck 


Flight deck CALL light extinguished when switch is released. 


GD ATTENDANT Call Switch 


Push — 
* sounds a two-tone chime in passenger cabin 
e illuminates both pink master call lights. 


Call RESET Switch 
Push — extinguishes both pink master call lights. 


p> Master Call Light 


Illuminated — 


¢ amber —a lavatory call switch is activated or smoke has been detected in a 
lavatory 

e pink — flight deck or other flight attendant station is calling 

¢ blue —a passenger seat call switch is activated. 


Selective Calling Panel (SELCAL) 


SELCAL PUSH SELCAL 
1 TO 2 
e__-& © ee) 
RESET 


FORWARD ELECTRONIC PANEL 


SELCAL Reset Switch 
Push — extinguishes SELCAL light and resets decoder. 


@® SELCAL Light 


Tlluminated— 
e alerts crew that communication is desired on a communication radio 
¢ SELCAL 1 light illuminates for a call on VHF —-1 or HF 
e¢ SELCAL 2 light illuminates for a call on VHF- 2. 
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Introduction 


The communication system includes: 
¢ radio communication system 
¢ interphone communication system 
* cockpit voice recorder system 
* communication crew alerting system 


The communication systems are controlled using the: 


¢ audio selector panels 
¢ radio tuning panels 


Audio Systems and Audio Selector Panels 


An ASP is installed at the Captain, First Officer, and Observer stations. Each panel 
controls an independent crew station audio system and allows the crewmember to 
select the desired radios, navigation aids, interphones, and PA systems for 
monitoring and transmission. 


Transmitter selectors on each ASP select one radio or system for transmission by 
that crewmember. Any microphone at that crew station may then be keyed to 
transmit on the selected system. 


Receiver switches select the systems to be monitored. Any combination of 
systems may be selected. Receiver switches also control the volume for the 
headset and speaker at the related crew stations. Audio from each ASP is 
monitored using a headset/headphones or the related pilot’s speaker. 


Audio warnings for altitude alert, GPWS, and windshear are also heard through 
the speakers and headsets at preset volumes. They cannot be controlled or turned 
off by the crew. 


Speakers and Headsets 


Each crew station has a headset or headphone jack. The Captain and First Officer 
have speakers on the ceiling above their seats. There is no speaker at the observer 
station. Headset volume is controlled by the receiver switches. Speaker volume is 
controlled by the receiver switches and also the speaker switch. 
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Microphones 


Hand microphones and boom microphones may be plugged into the related jacks 
at the flight deck crew stations. Each oxygen mask also has an integral 
microphone. 


Each hand microphone has a PTT switch to key the selected audio system. The 
PTT switches on the control wheel or ASP are used to key the oxygen mask or 
boom microphone, as_ selected by the MASK-BOOM switch. The 
MASK-BOOM switch does not affect the operation of the hand microphone. 


Normal Audio System Operation 


The Captain, First Officer, and Observer audio systems are located in a common 
remote electronics unit in the E & E compartment. They function independently 
and have separate circuit breakers. The audio systems are normally controlled by 
the related ASPs through digital or computerized control circuits. 


Degraded Audio System Operation 


If the remote electronics unit or ASP malfunctions, the ASP cannot control the 
remote electronics unit. Audio system operation can be switched to a degraded 
mode by placing the ALT—-NORM switch to ALT. In this mode, the ASP at that 
station is inoperative and the crewmember can only communicate on one radio. 


The ASP transmitter selectors are not functional, and any transmission from that 
station is on the radio shown on the chart below. The transmitter selector for the 
usable radio illuminates when a station is operating in the degraded mode. The 
receiver switches are not functional, and only the usable radio is heard at a preset 
volume, through the headset. The speaker and speaker switch are not functional at 
that station. In addition, the flight interphone and service interphone cannot be 
used. The control wheel PTT switch INT position and the ASP PTT switch I/C 
position are not functional, since the flight interphone is not functional. 


The mask and boom microphones can be used for transmission on the usable 
radio. The MASK-BOOM switch works normally in the degraded mode. The 
mask and boom microphones can be keyed with the control wheel PTT switch 
MIC position or the ASP PTT switch R/T position. The hand microphone is not 
usable in the degraded mode of operation. 


Audio warnings for altitude alert, GPWS, and windshear are not heard on an audio 
system operating in the degraded mode. 


An audio system operating in the degraded mode cannot access the passenger 
address system through the audio control panel. The crewmember can still use the 
service interphone handset and PA microphone if they are installed on the control 
stand. 
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CREW STATION AUDIO SYSTEM IN RADIO AVAILABLE FOR 
DEGRADED MODE TRANSMISSION AND RECEPTION 
AT DEGRADED STATION 
CAPTAIN VHF-1 
FIRST OFFICER VHF-2 
OBSERVER VHF-1 


Flight Interphone System 


The flight interphone system is an independent communication network. Its 
primary purpose is to provide private communication between flight deck 
crewmembers without intrusion from the service interphone system. The ground 
crew may also the use flight interphone through a jack at the external power 
receptacle. 


The pilots can transmit directly over the flight interphone by using the control 
wheel PIT switch. Alternatively, any crewmember with an ASP can 
transmit/receive over the flight interphone by using their related ASP and normal 
PTT switches. Any standard microphone may be used with the flight interphone 
system. 


Service (Attendant) Interphone System 


The service interphone system provides intercommunication between the flight 
deck, Flight Attendants, and ground personnel. Flight deck crewmembers 
communicate using either a separate handset (if installed) or their related ASP and 
any standard microphone. 


The Flight Attendants communicate between flight attendant stations or with the 
flight deck using any of the attendant handsets. Anyone who picks up a 
handset/microphone is automatically connected to the system. 


External jacks for use by maintenance or service personnel can be added to the 
system by use of the service interphone switch. 


Passenger Address System 


The passenger address (PA) system allows flight deck crewmembers and flight 
attendants to make announcements to the passengers. Announcements are heard 
through speakers located in the cabin and in the lavatories. 
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The flight deck crewmembers can make announcements using a PA hand 
microphone or by using any standard microphone and the related ASP. Flight 
Attendants make announcements using PA hand microphones located at their 
stations. The attendants use the PA to play recorded music for passenger 
entertainment. 


PA system use is prioritized. Flight deck announcements have first priority and 
override all others. Flight Attendant announcements override the music system. 
The forward attendant has priority over the aft attendant. 


Call System 


The call system is used as a means for various crewmembers to gain the attention 
of other crewmembers and to indicate that interphone communication is desired. 
Attention is gained through the use of lights and aural signals (chimes or horn). 
The system can be activated from the flight deck, either flight attendant station, or 
from the external power receptacle. Passengers may also use the system to call an 
attendant, through the use of individual call switches at each seat. 


The flight deck may be called from either flight attendant station or by the ground 
crew. The ground crew may only be called from the flight deck. Flight Attendants 
may be called from the flight deck, the other attendant station, or from any 
passenger seat or lavatory. Master call lights in the passenger cabin identify the 
source of incoming calls to the attendants. 


Call system chime signals are audible in the passenger cabin through the PA 
system speakers. The PA speakers also provide an alerting chime signal whenever 
the NO SMOKING or FASTEN SEAT BELT signs illuminate or extinguish. 


Location of Call Called Position Visual Signal at Aural Signal at 
Originator Called Position Called Position 
Flight deck Attendant station Pink master Two-tone chime 
call light 
Flight deck Nose wheel well Horn in nose wheel 
well 
Attendant station Flight deck Blue flight deck Single high-tone 
call light chime 
Nose wheel well Flight deck Blue flight deck Single high-tone 
call light chime 
Flight deck Passenger cabin NO SMOKING or | Single low-tone 
FASTEN BELT chime 
signs illuminate/ 
extinguish 
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Selective Calling (SELCAL) 


A ground station desiring communication with the flight deck can use the 
SELCAL system. SELCAL monitors selected frequencies on VHF and HF radios. 
Each airplane is assigned a unique four-letter SELCAL identification code. When 
the system receives an incoming call from a ground station, a two-tone chime 
sounds, and the related SELCAL light illuminates. 


VHF Communications 


Primary short-range voice communication is provided in the VHF range by two 
or three independent radios. Each radio provides for selection of an active 
frequency and an inactive (preselected) frequency. Voice transmission and 
reception are controlled at the related ASP. 


VHF-3 communication on airplanes equipped with three VHF transceivers is 
used in conjunction with ACARS. Frequency tuning for this radio is provided by 
the ACARS system. 


VHF-1 is located on the left aft electronic panel, VHF—2 on the right. The VHF-1 


antenna is located on the upper fuselage, VHF—2 and VHF-3 on the lower 
fuselage. 


HF Communications 


HF transmission and reception are controlled at the related ASP. When the HF 
transmitter is keyed after a frequency change, the antenna tunes. While the 
antenna is tuning, a steady or intermittent tone may be heard through the audio 
system (tuning takes a maximum of 15 seconds). The antenna is located in the 
vertical stabilizer. 


Note: Keying HF transmitter on the ground may cause oil and fuel quantity 
indicators to fluctuate if one or more of the following conditions exist: 


* cargo or passenger entry door open 

* service interphone microphone plugged into service interphone jack 
¢ airplane grounding wire attached to airplane 

¢ ground power cart connected. 


Cockpit Voice Recorder 


The cockpit voice recorder uses four independent channels to save the last 30 
minutes of flight deck audio. Recordings older than 30 minutes are automatically 
erased. One channel records flight deck area conversations using the area 
microphone. The other channels record individual ASP output (headset) audio and 
transmissions for the pilots and observer. 
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ACARS System 


The ARINC Communication Addressing and Reporting System (ACARS) is an 
addressable digital data link system which permits exchange of data and messages 
between an airplane and a ground-based operations center utilizing the onboard 
VHF-3 communication system. 


The ACARS airborne subsystem provides for the manual entry of routine data 
such as departure/arrival information. Also possible is manual entry of addresses 
(telephone codes) of parties on the ground for voice communications. 


The airborne system consists of a management unit (MU) in the E & E 
compartment, and interactive display unit (IDU), and a multiport printer. Data is 
entered and automatically transmitted to the ground operations center. 


Page Routines 


When the IDU is initially powered up (AC busses powered), it establishes contact 
with the ACARS and the digital flight data acquisition unit (DFDAU). The IDU 
screen then displays the MAIN MENU. This is the root page for accessing all 
other ACARS pages. Return to this MAIN MENU is possible by touching the 
MENU cue on any displayed page. 


When a cue is touched on the IDU screen, the cue name is highlighted in reverse 
video. Moving the finger to another cue without breaking screen contact returns 
the cue first touched to normal video and highlights the new cue being touched. 
Releasing the highlighted cue activates the cue’s function. 


The following cues are special in that they always perform the same 
functions: MENU, RTN, ENT, CLR, SEND, RE—DO, and VOX. Other cues are 
advisory cues. Advisory cues appear in place of **** on the standard ACARS 
menu. Some advisory cues flash from normal to reverse video: FAIL, DATA, 
SELC, MSG, and INIT. Other advisories are diaplayed in normal video: NOCOM, 
VOICE; and in reverse video: FAIL. 
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Electrical Panel 


AC AND DC METERING PANEL 


GENERATOR DRI VE AND 
STANDBY POWER PANEL 


GROUND POWER AND 
GEN AMVETERS PANEL 


BUS SW TCHI NG PANEL 


FORWARD OVERHEAD PANEL 
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AC and DC Metering Panel 
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FORWARD OVERHEAD PANEL 


DC Ammeter 


Indicates current of source selected by DC meter selector. 


@p DC Voltmeter 


Indicates voltage of source selected by DC meter selector. 


BD DC Meter Selector 
Selects the DC source for the DC voltmeter and DC ammeter indications 


TEST - used by maintenance. 
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@® Battery (BAT) Switch 


OFF — 


* removes power from battery bus and switched hot battery bus when 
operating with normal power sources available. 


* removes power from battery bus, switched hot battery bus, DC standby 
bus, static inverter, and AC standby bus when battery is only power 
source. 


ON (guarded position) - 
* provides power to switched hot battery bus. 


* energizes relays to provide automatic switching of standby electrical 
system to battery power with loss of normal power in flight. 


q@p AC Frequency Meter 


Indicates frequency of source selected by AC meter selector. 


@® AC Voltmeter 
130V scale - indicates voltage of source selected on the AC meter selector. 


30V scale - indicates residual voltage of generator selected when RESID VOLTS 
switch is pressed. 


AC Meter Selector 
Selects the AC source for the AC frequency meter and AC voltmeter. 
TEST - used by maintenance. 


GD GALLEY Power Switch 
OFF — removes electrical power from galleys. 


ON - electrical power is supplied to galleys when both AC generator busses are 
powered. 


@e Residual Volts (RESID VOLTS) Switch 


PRESS - 30V scale of AC voltmeter indicates residual voltage of generator 
selected. 


Associated generator switch must be OFF. With associated generator switch ON, 
AC voltmeter drives off scale and residual voltage cannot be read. 
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Generator Drive and Standby Power Panel 
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C C 


FORWARD OVERHEAD PANEL 


LOW OIL PRESSURE Lights 

Illuminated (amber) — generator drive oil pressure is below minimum operating 
limits. 

@® High Oil Temperature (HIGH OIL TEMP) Lights 


Illuminated (amber) - generator drive oil temperature exceeds operating limits. 


€p DISCONNECT Switches (guarded and safetied) 
Disconnects generator drive. 


Generator drive cannot be re-engaged in the air. 


@® Generator Drive Oil Temperature (GEN DRIVE OIL TEMP) 
Indicator 


Displays the temperature of the oil used in the generator drive. 
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IN scale (inner) - Displays the temperature of the oil entering the generator drive. 


RISE scale (outer) - Displays the temperature rise within the generator drive. 
¢ Higher than normal temperature rise indicates excessive generator load or 
poor condition of the generator drive 


¢ Lack of adequate cooling will generally cause the temperature RISE to 
decrease. 


@p Standby Power (STANDBY PWR OFF) Light 


Illuminated (amber) - AC standby bus is inactive. 


GD STANDBY POWER Switch 


AUTO (guarded position) — 
¢ In flight, or on the ground, and AC transfer busses powered: 
¢ AC standby bus is powered by AC transfer bus 1 
¢ DC standby bus is powered by DC bus 1. 
¢ In flight, loss of all AC power 


¢ AC standby bus is powered by the battery bus through the static 
inverter 


¢ DC standby bus is powered by the battery bus 
¢ a fully charged battery will provide a minimum of 30 minutes of 
standby power. 
¢ On the ground, loss of all AC power - No automatic transfer of power. AC 
and DC standby busses are not powered. 
OFF (center position) — 
e STANDBY PWR OFF light illuminates 
¢ AC standby bus, static inverter, and DC standby bus are not powered. 
BAT (unguarded position) — 
¢ AC standby bus is powered by the battery bus through the static inverter 
¢ DC standby bus is powered by the battery bus 


¢ The battery bus is powered by the hot battery bus, regardless of the 
battery switch position. 


Drive Temperature (DRIVE TEMP) Switch 


RISE/IN - Selects RISE or IN temperature to be displayed on the GEN DRIVE 
OIL TEMP indicator. 
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FORWARD OVERHEAD PANEL 


Ground Power (GRD POWER AVAILABLE) Light 
Illuminated (blue) — external power bus is powered by ground power supply. 


Remains illuminated as long as ground power is connected. 


@®— Ground Power (GRD PWR) Switch 
Three position switch, spring—loaded to neutral. 
OFF — disconnects ground power from both generator busses. 


ON — if momentarily moved to ON, position and ground power is available: 
* removes previously connected power from AC generator busses 


* connects ground power to both AC generator busses if power quality is 
correct 


* switches the ground service bus to the generator bus | 
¢ deactivates the ground service switch. 
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Indicates engine generator load in amperes. 


@® TRANSFER BUS OFF Light 


Illuminated (amber) — related transfer bus is inactive. 


@&® BUS OFF Light 


Illuminated (amber) — related generator bus is inactive. 


Gp Generator Off Bus (GEN OFF BUS) Light 


Illuminated (blue)- related generator is not supplying the generator bus. 


Generator Switch (GEN 1/GEN 2) 
Three position switch, spring—loaded to neutral. 
OFF - disconnects related engine generator from the generator bus. 


ON - connects related engine generator to the generator bus if the power quality 
is correct. Disconnects the previous power source. 


€p Bus Transfer (BUS TRANS) Switch 


AUTO (guarded position) - upon failure of one engine generator bus, its transfer 
bus is switched to the active generator bus. Allows TRI and TR2 to be operated 
in parallel. 


OFF - Isolates transfer busses by preventing operation of the bus transfer relays, 
and opens TR3 disconnect relay. Prevents the battery charger from switching to its 
alternate source of power, main bus 2. 


@&p APU Generator Off Bus (GEN OFF BUS) Light 


Illuminated (blue) — APU is at its operating speed and not powering a generator 
bus. 


q@p APU Generator (GEN) Switch 
Three position switch, spring—loaded to center position. 
OFF - disconnects the APU from the generator bus. 


ON — connects the APU generator output to the generator bus if the quality is 
correct. 


Note: In flight, if one generator bus is powered by the APU and the other APU 
GEN switch is move to ON, the second generator bus will not connect to 
the APU generator. 
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Ground Service Switch 


GROUND 
SERVI CE 


FWD ATTENDANT PANEL 


GROUND SERVICE Switch 

Solenoid held ON, spring-loaded to OFF. 

Provides manual control of ground service bus. Enables servicing airplane using 
external power without activating generator busses. 


¢ ON -connects the ground service bus to the external AC bus. Trips off 
when the GRD PWR switch is ON 


¢ OFF - disconnects external AC bus from the ground service bus. 
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Introduction 


Primary electrical power is provided by two engine driven generators which 
supply three-phase, 115 volt, 400 cycle alternating current. Each generator 
supplies its own bus system in normal operation and can also supply essential 
loads of the opposite side bus system when one generator is inoperative. 
Transformer rectifier (TR) units and a battery supply DC power. The battery also 
provides backup power for the AC and DC standby systems. The APU operates a 
generator and can supply power to both AC generator busses on the ground or one 
AC generator bus in flight. 


There are two basic principles of operation for the 737 electrical system: 
¢ There is no paralleling of the AC sources of power. 
¢ The source of power being connected to a generator bus automatically 
disconnects an existing source. 
The electrical power system may be categorized into three main divisions: the AC 
power system, the DC power system, and the standby power system. 


Electrical Power Generation 


Engine Generators 


Primary power is obtained from two engine driven generators. Each generator is 
part of a generator drive unit which maintains a constant frequency throughout the 
normal operating range of the engine. The generator is coupled directly to the 
engine and operates whenever the engine is running. 


APU Generator 


The APU generator can supply primary power on the ground and can serve as a 
backup for either generator in flight. The APU generator is identical to the engine 
generators but has no generator drive unit, since the APU itself is governed and 
will maintain a constant speed. As the only power source, the APU generator can 
meet electrical power requirements for all ground conditions and all essential 
flight requirements. 
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External Ground Power 


An external AC power receptacle located near the nose gear wheel well, on the 
lower right side of the fuselage, allows the use of an external power source. Status 
lights on a panel adjacent to the receptacle permit the ground crew to determine if 
external power is being used. AGRD POWER AVAILABLE light provides flight 
deck indication that AC ground power is connected to the airplane. A GRD PWR 
switch allows connection of external power to both generator busses. 


The battery switch must be ON for the GRD PWR switch to be operable. 
Positioning the battery switch to OFF will automatically disconnect the GRD 
PWR switch. 


Ground Service 


For ground servicing, a ground service switch is located on the forward attendant’s 
panel. The switch provides ground power directly to the AC ground service bus 
for utility outlets, cabin lighting and the battery charger without powering all 
airplane electrical busses. The ground service switch is magnetically held in the 
ON position and is overridden when the GRD PWR switch is positioned to ON. 
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Electrical Power Schematic 


EXTERNAL AC 
RECEPTACLE 


4actepure accrepnare 


TRANSFER TRANSFER 
RELAY 1 RELAY 2 


AC STANDBY BUS DC STANDBY BUS. --o ee BATTERY BUS. L 
-- 


APU START: 
BATT- 


CHGR: 


HOT BATTERY BUS} 


SW TCHED 
HOT BAT BUS 


EXTERNAL DC 
RECEPTACLE 


Airplane Confi guration - Inflight 
Battery Switch - ON 
Standby Power Switch - AUTO 
Bus Transfer Swtch - AUTO 
ENG NE GENERATOR CONNECTED 
TO RESPECTI VE BUS 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE 6.20.3 


Electrical - 


System Description QAOEING 


737 Operations Manual 


AC Power System 


Each AC power system consists of a generator bus, a main bus, and a transfer bus. 
The left AC power system also includes a ground service bus. Transfer bus 1 
supplies power to the AC standby bus. If the source powering either AC power 
system fails or is disconnected, a transfer relay automatically selects the opposite 
generator bus as an alternate power source for the transfer bus. 


Generator busses can be powered from the engine generators by momentarily 
positioning the related generator switch to ON. This connects the voltage 
regulator to the generator and connects the generator to its associated generator 
bus. Selecting a new power source disconnects the existing power source. 


When the APU is operating, selecting either APU GEN switch ON connects APU 
power to its associated generator bus. On the ground, the APU can supply 
electrical power to both generator busses. 


With the airplane on the ground and external power available, selecting the GRD 
PWR switch ON connects external power to both generator busses. The APU or 
an engine generator can supply power to one generator bus while external power 
supplies the other generator bus. 


In flight, each engine generator normally powers its own generator bus. If an 
engine generator is no longer supplying power, the APU generator may be used to 
power one generator bus. Since the entire electrical system is powered from the 
two generator busses, all electrical components can be powered with any two 
operating generators. 


Bus Transfer System 


The generator busses supply the heavy electrical loads including supplying power 
to the transfer and main busses. The transfer busses carry the essential electrical 
loads, and the main busses carry the non-essential loads. 


If a generator trips off, its generator bus and main bus will not be powered. Each 
transfer bus has a transfer relay which automatically selects the opposite generator 
bus as its power source. The BUS TRANS switch must be in the AUTO position 
to enable this transfer. 


Automatic Galley Load Shedding 


In flight, all galley power is automatically removed when operating on one 
generator. This automatic galley load shedding feature reduces the total electrical 
load on the remaining generator, protecting it from overload. 
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Galley electrical loads will automatically be shed should the total airplane 
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electrical power. 


AC Power Schematic 
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Electrical Power Controls and Monitoring 


Generator Drive 


Each engine driven generator is connected to its engine through a generator drive 
unit. Each generator drive is a self-contained unit consisting of an oil supply, 
cooler, instrumentation and disconnect device which provides for complete 
isolation of the generator in the event of a malfunction. 


Operating conditions of the generator drive can be observed on the generator drive 
oil temperature indicator. Oil temperature is measured as it enters and leaves the 
generator drive. Temperature of oil entering the generator is indicated on the IN 
scale. Temperature differential between outlet and inlet is indicated as RISE - (out 
temperature minus in temperature). During normal operation, the oil temperature 
rise should be less than 20 deg. C. Readings above 20 deg. C indicate excessive 
generator load or poor condition of the drive and are used by maintenance in 
troubleshooting drive problems. 


The amber HIGH OIL TEMPERATURE light illuminates when oil temperature 
in the internal oil tank exceeds limitations. The amber LOW OIL PRESSURE 
light illuminates when oil pressure is below the operating limit. When the 
generator has been disconnected, the LOW OIL PRESSURE light will be on, and 
the HIGH OIL TEMPERATURE light remains on until the oil is cooled. 


A generator drive disconnect switch is installed. This switch disconnects the 
generator from the engine in the event of a generator drive malfunction. 
Reactivation of the generator may be accomplished only on the ground by 
maintenance personnel. 


AC Voltmeter and Frequency Meter 


AC voltage and frequency may be read on the AC voltmeter and frequency meter 
for standby power, ground power, generator No. 1, APU generator, generator No. 
2 and the static inverter. Frequency is indicated only when the generator is 
electrically excited. The voltage regulator automatically controls the generator 
output voltage. 


Current readings for the two engine generators and the APU generator may be 
read on the AC ammeter. 


The TEST position is used by maintenance and connects the voltage and 
frequency meter to the power systems test module for selection of additional 
reading points. 
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Normal indications are: 


¢ AC voltmeter — 115 +/- 5 volts. 
e Frequency meter — 400 CPS +/- 10 CPS. 


Note: Normal AC voltmeter indications for the APU generator with the AC buses 
loaded are: 110-125 volts. 
DC Voltmeter and Ammeter 


DC voltage and amperage may be read on the DC voltmeter and ammeter for the 
battery and each of the three TRs. Standby power and the battery bus will display 
only DC voltage. 


Normal indication is 26 +/- 4 volts. 


The TEST position is used by maintenance. 
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Electrical Power Controls and Monitoring Schematic 
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DC Power System 


28 volt DC power is supplied by three TR units, which are energized from the AC 
transfer busses and main bus 2. The battery provides 28V DC power to loads 
required to be operative when no other source is available. 


Transformer Rectifier Units 


The TRs convert 115 volt AC to 28 volt DC, and are identified as TR1, TR2, and 
TR3. 


TRI and TR2 receive AC power from transfer bus 1 and transfer bus 2, 
respectively. TR3 receives AC power from main bus 2. 


Under normal conditions, DC bus | and DC bus 2 are connected in parallel via the 
TR3 disconnect relay. In this condition, TR1 and TR2 are each powering DC bus 
1 and DC bus 2. TR3 powers the battery bus and serves as a backup power source 
for TR1 and TR2. 


The TR3 disconnect relay automatically opens, isolating DC bus | from DC bus 
2, under the following conditions: 
¢ At glide slope capture during a flight director or autopilot ILS approach. 
This isolates the DC busses during approach to prevent a single failure 
from affecting both navigation receivers and flight control computers 


¢ Bus transfer switch positioned to OFF. 
Battery Power 


A 24 volt nickel-cadmium battery is located in the electronics compartment. The 
battery can supply part of the DC system. Battery charging is automatically 
controlled. A fully charged battery has sufficient capacity to provide standby 
power for a minimum of 30 minutes. Battery voltage range is 22—30 volts. 


DC busses powered from the battery following a loss of both generators are: 
¢ battery bus 
¢ DC standby bus 
¢ hot battery bus 
¢ switched hot battery bus 
The switched hot battery bus is powered whenever the battery switch is ON. 
The hot battery bus is always connected to the battery. There is no switch in this 


circuit. The battery must be above minimum voltage to operate units supplied by 
this bus. 
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Battery Charger 


The purpose of the battery charger is to restore and maintain the battery at full 
electrical power. The battery charger is powered through AC ground service bus 
with provisions for automatic switching to main bus 2 when the ground service 
bus is unpowered. 


DC Power Receptacle 


An auxiliary 28V DC power receptacle is provided near the battery in the 
electronic compartment. A placard located adjacent to the receptacle gives 
complete instruction for connecting external DC power. With external DC power 
connected, the battery is paralleled with the DC external power source and the 
external power source will power all circuits normally supplied by the battery. In 
the event that the airplane battery is depleted, the APU can be started using DC 
external power. 
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DC Power System Schematic 
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Standby Power System 


Normal Operation 


The standby system provides 115V AC and 24V DC power to minimum essential 
systems in the event of loss of all engine or APU generator AC power. The standby 
power system consists of: 

¢ the battery 

¢ static inverter 

e AC standby bus 

¢ DC standby bus 

¢ battery bus 

¢ hot battery bus 

¢ switched hot battery bus. 


During normal operation the guarded standby power switch is in AUTO and the 
battery switch is ON. This configuration provides an alternate power sources in 
case of partial loss as well as complete transfer to battery power if all normal 
power is lost. The AC standby bus is normally powered from AC transfer bus 1. 
The DC standby bus is powered by DC bus No. 1; the battery bus is powered by 
TR3; the hot battery bus and switched hot battery bus are powered by the battery. 


Alternate Operation 


The alternate power source for standby power is the battery. In flight, with the 
standby power switch in the AUTO position, the loss of all engine and APU power 
causes the battery to power the standby loads. The AC standby bus is powered 
from the battery bus via the static inverter. The DC standby bus, battery bus, and 
switched hot battery bus are powered by the battery. 


In flight, if either transfer bus 1 or DC bus 1 loses power, both standby busses 
automatically switch to the battery bus. 


A fully charged battery has sufficient capacity to provide power to the minimum 
essential flight instruments, communications and navigation equipment for a 
minimum of 30 minutes. 


On the ground, with the loss of all AC power, the AC and DC standby busses are 
unpowered with the standby power switch in AUTO. The air/ground safety sensor 
inhibits the transfer to battery power to prevent discharging the battery. If the 
standby power switch is positioned to BAT, the air/ground safety sensor is 
bypassed and the AC and DC standby busses are powered. 
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Static Inverter 


The static inverter converts 24 volt DC power from the battery to 115V AC power 
to supply the AC standby bus during the loss of normal electrical power. The 
power supply to the inverter is controlled by the standby power switch and the 
battery switch on the overhead panel. 
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Standby Power System Schematic 
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All Generators Inoperative 


The following list identifies the significant equipment that operates when the 
battery is the only source of electrical power and is powering the standby busses. 


Airplane General, Emergency Equipment, Doors, and 
Windows 

* emergency instrument flood lights 

¢ entry lights (dim) (hot battery bus) 

* position lights 

¢ standby compass light 

¢ white dome lights 

* crew and passenger oxygen 

¢ standby forward airstair operation 


Air Systems 
¢ A/C pack valves 
¢ altitude warning horn 
¢ manual pressurization control 
¢« PACK TRIP OFF lights 
¢ BLEED TRIP OFF lights 


Engines, APU 
e N1, N2, fuel flow, EGT indications 
¢ right igniters 
¢ starter valves 
¢ thrust reversers (switched hot battery bus) 
¢ APU operation (start attempts not recommended above 25,000 feet) 


Communications 
¢ flight interphone system 


* passenger address system 
¢ VHF No. | 


Electrical 
¢ STANDBY POWER OFF light 
¢ external power control (hot battery bus) 
e APU & engine generator power control (switched hot battery bus) 


Flight Instruments 
¢ clocks (hot battery bus) 
¢ standby airspeed/altitude indicator 


¢ standby horizon indicator 
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Fire Protection 


e APU and engine fire extinguisher bottles (hot battery bus) 
¢ APU and engine fire detection system 


Fuel 


¢ crossfeed valve 

¢ engine fuel shutoff valves (hot battery bus) 

¢ fuel quantity indicators 

¢ FUEL VALVE CLOSED lights (switched hot battery bus) 


Hydraulics 
¢ engine hydraulic shutoff valves 
¢ standby rudder shutoff valves 


Landing Gear 
e¢ ANTISKID INOP light 
¢ inboard antiskid system 
¢ parking brake 


Navigation 
e ADF No. | 
¢ captain’s RDMI 
¢ left IRS - AC 
¢ left & right IRS - DC (switched hot battery bus) 
¢ VHF NAV No. 1 


Warnings 
¢ aural warnings 


¢ master caution recall system 
¢ stall warning system 
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Basic Equipment Operating — Instrument Panels 


Captain Instrument Panel 


FEG STRAT ON 
‘SELCAL 


The standby power systemutilizes the battery as a source of power to supply 
the above depicted flight instruments and the belowlisted systems and engi ne 
instruments. 


Left IRS 

No. 1 VHF Navigation System(VOR, GS, and LOC) 
No. 1 ADF Navigation System 

No. 1 VHF Communi cation System 

Ni, N2, Fuel Flow, and EGT. 


CAUTION: AS SOON AS THE Al RPLANE LANDS, THE STANDBY POWER 
SW TCH SHOULD BE POS! TI ONED TO "BAT" TO ENERG ZE 
THE ABOVE ELECTRONICS AND FOR VHF- 1 COMVUNI CATI ONS. 


NOTE: All of the Captain's instruments including the engine and fuel 
quantity indicators, that are powered by standby power are also 
integrally lighted by standby power. 


Airplane Configuration - Inflight This illustration shows the 


. Indi 
Battery Switch instruments which are useable nel-cat es 


I noper ati ve 
Instruments 


Standby Power Switch wth only the battery and 
standby busses power ed. 


Copyright © The Boeing Company. See title page for details. 


6.20.18 D6-27370-400E-TBCE June 07, 2002 


Electrical - 


QSOEING System Description 


737 Operations Manual 


First Officer Instrument Panel 


PEG STRATIGN 
‘SELCAL, 


COCKPI T COMMUNI CATI ON COCKPI T LI GHTS 

Audio Selector Panels Standby Instrument FI ood! i ght 
Flight Interphone Wi te Done Li ght 

Passenger Address System Magnetic Compass Li ght 


Service Int erphone 


Airplane Configuration - In Flight This illustration shows the 


Battery Switch - ON instruments which are useable Pndlicates 


| noper ati ve 
Instruments 


Standby Power Swtch ~- AUTO wth only the battery and 
standby busses powered. 
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Electrical System Power Distribution 


No. 1 Generator Inoperative 


Failure In Flight, Transfer Busses Normal 


Inoperative Components Indication 
No.1 tank forward fuel pump LOW PRESSURE light 
Center tank right fuel pump LOW PRESSURE light 
Galley(s) Inoperative 
No.1 Generator GEN OFF BUS light 


Generator bus No. 1 


BUS OFF light 


Left forward window heat 


Right side window heat 


ON light — extinguished 
ON light — extinguished 


Left No. 3, 4, & 5 window heat Inoperative 

Left elevator pitot heat L ELEV PITOT light 
System B electric pump LOW PRESSURE light 
Left outboard landing light Inoperative 

Right inboard landing light Inoperative 

Left runway turnoff light Inoperative 

Nose gear taxi light Inoperative 

Equipment cooling normal OFF light 

Right recirculation fan Inoperative 
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No. 2 Generator Inoperative 


Failure In Flight, Transfer Busses Normal 
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System Description 


Inoperative Components Indication 
No.2 tank forward fuel pump LOW PRESSURE light 
Center tank left fuel pump LOW PRESSURE light 
Fuel temperature indicator Inoperative 
Galley(s) Inoperative 
No.2 Generator GEN OFF BUS light 


Generator bus No. 2 


TR unit No. 3 


BUS OFF light 
TR No. 3 voltage - Zero 


Left side window heat 


Right forward window heat 


ON light — extinguished 
ON light — extinguished 


Right No. 3, 4, & 5 window heat Inoperative 

Right elevator pitot heat R ELEV PITOT light 
TEMP PROBE Heat TEMP PROBE light 
System A electric pump LOW PRESSURE light 
Right outboard landing light Inoperative 

Left inboard landing light Inoperative 

Right runway turnoff light Inoperative 


Equipment cooling - Alternate 


If switch is to alternate, OFF light 


Left recirculation fan 


Inoperative 
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Engines, APU Chapter 7 


Controls and Indicators Section 10 


Engine Instrument System (EIS) Primary Panel 


REVERSER REVERSER 
uncocxen |} TUM |! Unt ocKep 


[i>As installed 


CENTER INSTRUMENT PANEL 
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Reverser Unlocked, Autothrottle Limit, and Thrust Mode 
Display 


REVERSER 
oe [ CR2 |+——ep 


Reverser Unlocked Light 


Illuminated (amber) — Indicates the thrust reverser is unlocked. 


@® Autothrottle Limit (A/T LIM) Indication 


Illuminated (white) — A/T computer is calculating a single fixed N1 thrust limit 
for affected engine(s) when FMC calculations become invalid or if either engine 
N1 is less than 18%. 


€p Thrust Mode Display 
Displays the active N1 limit reference mode. 


With N1 manual set knob pushed in, active N1 limit is displayed by reference N1 
bugs. If knob is pulled out, FMC computed N1 is disabled. 


Active N1 limit is normally calculated by FMC. 


Thrust mode display annunciations are: 
¢ R-reduced (can appear with TO or CLB) 
¢ TO - takeoff 
¢ CLB - climb 
¢ CRZ- cruise 
¢ G/A - go—around 
¢ CON -— continuous 
e —— -—-FMC not computing thrust limit. 
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N1 Indications 


SOFSBS wise FBS 


o~ 4] 
5) 


9YRPM 


N1 Manual Set Indication 
Set by N1 manual set knob. 


Blank when manual set knob is pushed in. 


@p N1 RPM Indication (green) 
Displays N1 % RPM. 


Gp Reference N1 Bug (yellow) 
With N1 manual set knob pushed in: 
* positioned by FMC 
¢ based on N1 limit page and takeoff reference page 
¢ displays active N1 limit for A/T operation. 
With N1 manual set knob pulled out: 
e displays crew selected N1 limit 
¢ has no effect on A/T operation. 


GD Warning Light 
Tluminated (red) — 


¢ indicates the N1 limit has been reached or exceeded 
¢ remains illuminated until N1 is reduced below the limit. 


Note: Failure of an N1 input signal to the primary EIS panel will cause the 
affected display pointer and digital counter to slew to their lower stops and 
hold for two seconds. The pointer will then disappear and the counter will 
display dashes. An internal failure will cause the display(s) to simply 
blank. 
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@&p N1 Red Radial 
Shows N1 % RPM operating limit. 


Gp N1 RPM Readout (digital) 
Displays N1 % RPM. 


N1 Manual Set Knob 
PUL 
TO 
SET 
Ni 
€4e ~ 


N1 Manual Set Knob 
Push in — 


e reference N1 bug set by FMC based on N1 limit page and takeoff 
reference page 


¢ blanks N1 manual set indication. 
Pull out — 
¢ disables FMC input signal 
¢ rotation sets desired N1 RPM in the N1 manual set indication and moves 
the reference N1 bug to the corresponding location. 


EGT Indications 


Exhaust Gas Temperature (EGT) Readout (digital) 
Displays engine EGT in degrees C. 


If flashing, indicates the abnormal start advisory system has sensed conditions 
which may lead to an abnormal engine start. 
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@p Exhaust Gas Temperature (EGT) Indication (green) 
Displays engine EGT in degrees C. 


ED Warning Light 
Tluminated (red) — 


¢ indicates the EGT limit has been reached or exceeded 
¢ remains illuminated until EGT is reduced below the limit. 


@p Exhaust Gas Temperature (EGT) Red Radial 


Displays maximum takeoff EGT limit. 

Note: Failure of an EGT input signal to the primary EIS panel will cause the 
affected display pointer and digital counter to slew to their lower stops and 
hold for two seconds. The pointer will then disappear and the counter will 


display dashes. An internal failure will cause the display(s) to simply 
blank. 


N2 Indications 


SPM 


N2 Readout (digital) 
Displays N2 % RPM. 


@p N2 RPM Indication (green) 
Displays N2 % RPM. 


Dp Warning Light 
Tluminated (red) — 


¢ indicates the N2 limit has been reached or exceeded 
¢ remains illuminated until N2 is reduced below the limit. 
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GBD N2 Red Radial 
Displays N2 % RPM operating limit. 


Note: Failure of an N2 input signal to the primary EIS panel will cause the 
affected display pointer and digital counter to slew to their lower stops and 
hold for two seconds. The pointer will then disappear and the counter will 
display dashes. An internal failure will cause the display(s) to simply 
blank. 


Fuel Flow/Fuel Used Indications 


Fuel Flow/Fuel Used (FF/FU) Readout (digital) 


Normally displays the present rate of fuel flow in pounds or kilograms per hour X 
1000. 


After the fuel used reset switch has been pushed, this readout displays current fuel 
used for one second, decreases to zero, then displays fuel flow. 


After the fuel flow/used switch is pushed, this readout shows fuel used since the 
last reset. After 10 seconds, display automatically reverts to fuel flow. 


@® Fuel Flow/Used Switch 


Push — digital readout shows fuel used since last reset. After 10 seconds, display 
automatically reverts to fuel flow. 


Ep Fuel Flow Indicator 


Indicates rate of fuel flow in pounds or kilograms per hour at all times. 
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@p FUEL USED RESET Switch (recessed) 
Push — 
* resets computed fuel used to zero 


¢ digital readout displays current fuel used for one second, decreases to 
zero, then fuel flow 


¢ resets abnormal start advisory system. 


Note: Failure of a fuel flow input signal to the primary EIS panel will cause the 
affected display pointer and digital counter to slew to their lower stops and 
hold for two seconds. The pointer will then disappear and the counter will 
display dashes. An internal failure will cause the display(s) to simply 
blank. 
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Engine Instrument System (EIS) Secondary Panel 
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OPEN OPEN 
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CENTER INSTRUMENT PANEL 
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Caution Lights 
eb e| START VALVE 
OPEN 


LOW OL QL FILTER EB 
PRESSURE BYPASS 


START VALVE OPEN Light 


Illuminated (amber) — related engine start valve is open and air is being supplied 
to the starter. 


@p LOW OIL PRESSURE Light 


Illuminated (amber) — related engine oil pressure is at or below the red radial. 
ep OIL FILTER BYPASS Light 
Illuminated (amber) — indicates an impending bypass of scavenge oil filter. 


Total Air Temperature Indication 


Total Air Temperature (TAT) Indicator 


Displays total air temperature in degrees C. 
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Engine Oil Indications 
PSI 


200 200 
100 100 
«= —___-— - 
0 0 
aL 
TENP 


IMIrd Ire 
earns em init 


Oil Pressure (OIL PRESS) Indication (green) 


Displays engine oil pressure in psi. 


Note: Oil pressure is unregulated and is primarily a function of engine speed 


(N2). 
@® Low Oil Pressure Yellow Band 


With takeoff thrust set, indicates minimum oil pressure limit. 


Note: Yellow band is valid only at takeoff thrust. 


€&p Low Oil Pressure Red Radial 


Indicates minimum oil pressure limit. 


@®P Oil Temperature (OIL TEMP) Indication (green) 


Displays engine oil temperature in degrees C. 


@&p High Oil Temperature Yellow Band 


Indicates oil temperature caution range. 
@p High Oil Temperature Red Radial 
Indicates maximum oil temperature limit. 
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Oil Quantity (OIL QTY) Indication 


Displays engine oil quantity in percentage of full quantity. 


Engine Vibration Indications 


VIB 


Airborne Vibration (VIB) Monitor (green) 


Indicates engine vibration level. 


Hydraulic System Pressure and Quantity Indications 


Described in Chapter 13 — Hydraulics. 


Note: Failure of an input signal to the secondary EIS panel will cause an affected 
pointer to blank or an affected digital counter to display dashes. An internal 
failure will cause either type of display to blank. 
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Engine Start Switches 


ENGI NE — 
crp OF cant 


ee 


FORWARD OVERHEAD PANEL 


ENGINE START Switches 


GRD - 
* opens start valve 
¢ closes engine bleed air valve 


* provides ignition to selected igniter(s) when engine start lever is moved to 
IDLE 


e releases to OFF at starter cutout. 
OFF — ignition off 
CONT - provides ignition to selected igniter(s) when engine start lever is in IDLE. 


FLT - 
* provides ignition to both igniters when engine start lever is in IDLE 
* ignition select switch is bypassed when the Engine Start switch is in FLT. 


@® Ignition Select Switch 

IGN L - selects the left igniter for use on both engines. 
BOTH - selects both igniters for use on both engines. 
IGN R - selects the right igniter for use on both engines. 
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Engine Panel 


1 2 


1 REVERSER REVERSER 


PMC ___ ___PNC 


o@ @ @ 


LOW | DLE 


3 
AFT OVERHEAD PANEL 


REVERSER Light 


Illuminated (amber) — one or more of following has occurred: 


¢ isolation valve or thrust reverser control valve is not in commanded 
position 

e thrust reverser sleeve position sensors are in disagreement 

* auto—restow circuit has been activated 


@p Power Management Control (PMC) Switch 
ON (ON in view — white) — PMC is selected ON. 


INOP (INOP in view — amber) — PMC is inoperative when engine speed is above 
46% N2, or the PMC is selected OFF. 


&® LOW IDLE Light 


Illuminated (amber) — 


e the thrust lever for either engine is near idle and the MEC on either engine 
is not commanded to maintain high idle RPM in flight 


e the speed of either engine is below 25% N1 in flight 
If an engine start lever is in CUTOFF, the light is deactivated. 
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Engine Controls 


CONTROL STAND 


Forward Thrust Levers — 
* control engine thrust 


* cannot be advanced if the related reverse thrust lever is in the deployed 
position. 


@® Reverse Thrust Levers — 
* control engine reverse thrust 
¢ cannot select reverse thrust unless related forward thrust lever is at IDLE. 


Note: Reverse thrust lever is blocked at reverse idle position until related thrust 
reverser is more than 60% deployed. 


Note: Movement of reverse thrust lever into reverse thrust engages locking pawl 
preventing forward thrust lever from moving. Terminating reverse thrust 
removes locking pawl and restores forward thrust lever movement ability. 


ep Engine Start Levers 
IDLE — 
* energizes ignition system 
¢ electrically opens engine fuel shutoff valve in the wing leading edge 
outboard of the pylon 
¢ mechanically opens MEC shutoff valve. 
CUTOFF — 
¢ closes both engine fuel shutoff valve and MEC shutoff valve 
¢ de-energizes ignition system. 
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APU 
LOVOL 


ep MN" | pressure 
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S 
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[> As Installed 


FORWARD OVERHEAD PANEL 


APU Maintenance (MAINT) Light 


Illuminated (blue) - APU maintenance problem exists: 
¢ APU may be operated. 
¢ light is disarmed when APU switch is OFF. 


@® APU LOW OIL PRESSURE Light 


Illuminated (amber) — 
¢ during start until the APU oil pressure is normal 
¢ oil pressure is low causing an automatic shutdown (after start cycle is 
complete) 
¢ if light is illuminated when APU switch is placed to OFF, light 
extinguishes after 5 minutes. 
¢ light is disarmed when APU switch is OFF. 
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ep APU Exhaust Gas Temperature (EGT) Indicator 


Displays APU EGT 


EGT indicator remains powered for 5 minutes after APU shutdown. 


@® APU OVERSPEED Light 


Tuminated (amber) — 
e APU RPM limit has been exceeded resulting in an automatic shutdown 


* overspeed shutdown protection feature has failed a self—test during a 
normal APU start or shutdown 


¢ if light is illuminated when APU switch is placed to OFF, light 
extinguishes after 5 minutes. 


¢ light is disarmed when APU switch is OFF. 


@@ APU FAULT Light 


Illuminated (amber) — 
¢ amalfunction exists causing APU to initiate an automatic shutdown 


¢ if light is illuminated when APU switch is placed to OFF, light 
extinguishes within 5 minutes. 


e Additional restarts may be attempted. 
¢ light is disarmed when APU switch is OFF. 


q@p APU Generator AC Ammeter 
Displays APU generator load current 


APU Switch 
OFF — normal position when APU is not running. 


* positioning switch to OFF with APU running initiates APU shutdown, 
trips APU generator off the bus(es), if connected, and closes APU bleed 
air valve. On some airplanes, the APU continues to run for a 30 second 
cooldown period before it automatically shuts down. An immediate 
shutdown can be accomplished by pulling the APU fire switch or the APU 
fire control handle in the main wheel well. 


ON — normal position when APU is running. 


START (momentary) — positioning APU switch from OFF to START and 
releasing it to ON initiates an automatic start sequence. 
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APU Hours Indicator 


§ ie ELAPSED 
TIME IND 


[> As Installed 


AFT OVERHEAD PANEL 


APU Hours Indicator 


Indicates elapsed hours of APU operation since last reset. 
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Engine System Description Section 20 


Introduction 


The airplane is powered by two CFM56-3 engines. The engine is a dual rotor axial 
flow turbofan. The N1 rotor consists of a fan, a three stage booster section 
connected by a through shaft to a four stage low pressure turbine. The N2 rotor 
consists of a high pressure compressor and a high pressure turbine. The N1 and 
N2 rotors are mechanically independent. The N2 rotor drives the engine 
gearboxes. A bleed air powered starter motor is connected to the N2 rotor. 


The main engine control (MEC) schedules fuel to provide the thrust called for by 
the forward thrust lever setting. The fuel flow is further refined electronically by 
the power management control (PMC) without moving the thrust levers. 


Each engine has individual flight deck controls. Thrust is set by positioning the 
thrust levers. The thrust levers are positioned automatically by the autothrottle 
system or manually by the flight crew. The forward thrust levers control forward 
thrust from idle to maximum. The reverse thrust levers control thrust from reverse 
idle to maximum reverse. 


Certain engine malfunctions can result in airframe vibrations from the 
windmilling engine. As the airplane transitions from cruise to landing, there can 
be multiple, narrow regions of altitudes and airspeeds where the vibration level 
can become severe. In general, airframe vibrations can best be reduced by 
descending and reducing airspeed. However, if after descending and reducing 
airspeed, the existing vibration level is unacceptable, and if it is impractical to 
further reduce airspeed, the vibration level may be reduced to a previous, lower 
level by a slight increase in airspeed. 


Engine Indications 


Engine indications are displayed on the center instrument panel by the Engine 
Instrument System (EIS). N1, EGT, N2, and FF/FU are the primary indications 
and are displayed as both digital readouts and round dial/moving pointer 
indications. N1, EGY, and N2 have operating and caution ranges and limits 
indicated by green and yellow bands and red radials. When the round red warning 
light above the indicator is illuminated it indicates the limit for the engine 
parameter displayed below it has been reached or exceeded. The red warning light 
remains illuminated until the engine parameter is reduced below the limit. 


Oil pressure and oil temperature indications are displayed with a round 
dial/moving pointer. Operating and caution ranges and limits are displayed with 
green and yellow bands and red radials. The oil quantity indicator displays a 
digital readout of quantity as a percentage of full. 
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The airborne vibration monitor indications are displayed with a round dial/moving 
pointer. 


N1, N2, oil quantity, and engine vibration are displayed directly from the engine 
sensors. 


Power Management Control (PMC) 


The thrust control system consists of a hydromechanical MEC unit and a PMC 
unit mounted on each engine. The PMC is an electronic system with limited 
authority over the MEC. 


The PMC uses MEC power lever angle, N1 speed, and inlet temperature and 
pressure to adjust, or trim, the MEC to obtain the desired N1 speed. The PMC 
adjusts fuel flow as a function of thrust lever angle. 


The PMC provides a constant thrust climb feature once the thrust lever is set as 
the beginning of climb. Thus, when thrust is set for the climb, the PMC 
automatically maintains that thrust throughout the climb profile with no further 
thrust lever adjustments. If the thrust lever is repositioned, the PMC maintains the 
setting corresponding to the new thrust lever angle. 


The PMC includes failure detection and annunciation modules which detect PMC 
failures and provide a signal to the crew. For detectable failure conditions, the 
PMC schedules a slow N1 drift over approximately 30 seconds and then 
illuminates the PMC INOP light, the ENG system annunciator, and the MASTER 
CAUTION lights. For a PMC failure, the PMC can be selected OFF by a switch 
on the aft overhead panel. The engine speed is then controlled by the 
hydromechanical MEC only. The PMC INOP Light is suppressed below starter 
cutout engine speed. 


Idle RPM 


There are two engine idle speeds, low idle and high idle. 


The minimum engine speed for all flight phases is high idle, which varies with 
flight conditions. As temperature and airspeed decrease, high idle speed also 
decreases. The average high idle setting is approximately 32% N1. 


To reduce braking activity, engine idle speed is reduced to low idle, approximately 
22% N1, four seconds after touchdown. The four second delay is provided to 
enhance engine speed acceleration for reverse thrust. 


Copyright © The Boeing Company. See title page for details. 


7.20.2 D6-27370-400E-TBCE December 1, 2000 


BOLING : ak a 
Engine System Description 


737 Operations Manual 


Power Plant Schematic 
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Engine Fuel System 


Fuel is delivered under pressure from fuel pumps located in the fuel tanks. The 
fuel enters the engine through the fuel shutoff valve. The fuel passes through the 
first stage engine fuel pump where pressure is increased. It then passes through 
two fuel/oil heat exchangers where engine oil heats the fuel. A fuel filter then 
removes contaminants. Fuel automatically bypasses the filter if the filter becomes 
saturated. Before the fuel bypass occurs, the fuel FILTER BYPASS alert 
illuminates on the fuel control panel. The second stage engine fuel pump provides 
high pressure fuel to the main engine control (MEC). As the fuel leaves the second 
stage pump, a portion of the fuel is diverted to run the hydromechanical portion of 
the MEC. This fuel is filtered again and then routed through the fuel heater a 
second time. The MEC meters the correct amount of fuel to the combustor. 


The engine fuel shutoff valve and MEC fuel shutoff valve allow fuel flow to the 
engine when both valves are open. The valves are open when the engine fire 
warning switch is in and the start lever is in IDLE. The engine fuel shutoff valve 
closes when either the start lever is in CUTOFF or the engine fire warning switch 
is out. The MEC fuel shutoff valve closes only when the start lever is in CUTOFF. 
The FUEL VALVE CLOSED light on the fuel control panel indicates engine fuel 
shutoff valve position. 


Fuel flow is measured after the MEC fuel shutoff valve and is displayed on the 
center instrument panel. Fuel flow information is also provided to the FMS. 


Engine Oil System 


Oil from the individual engine tank is circulated under pressure through the engine 
to lubricate the engine bearings and accessory gearbox. Oil quantity is displayed 
on the oil quantity indicator, located on the center instrument panel. 


The oil system is pressurized by the engine driven oil pump. Oil from the pump is 
filtered and then passes to the engine bearings and gearbox. Sensors for the oil 
pressure indicator and LOW OIL PRESSURE light are located downstream of the 
oil filter prior to engine lubrication. 


Oil is returned to the oil tank by engine driven scavenge pumps. From the 
scavenge pumps the oil passes through a scavenge filter. If the filter becomes 
saturated with contaminants, oil automatically bypasses the filter. Prior to the oil 
bypassing the scavenge filter, the OIL FILTER BYPASS illuminates on the center 
instrument panel. 


Scavenge oil temperature is sensed as the oil returns to the oil tank and is 
displayed on the oil temperature indicator, located on the center instrument panel. 
The oil then passes through the fuel/oil heat exchanger, where it is cooled by 
engine fuel prior to returning to the oil tank. 
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Engine Fuel and Oil System Schematic 
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Engine Start System 


Starter operation requires pressurized air and electrical power. Air from the bleed 
air system powers the starter motor. The APU, an external ground cart, or the other 
operating engine provides the bleed air source. 


In the GRD position, the engine start switch uses DC power from the battery bus 
to close the engine bleed air valve and open the start valve to allow pressure to 
rotate the starter. When the start valve opens, an amber START VALVE OPEN 
light on the center instrument panel illuminates. The starter rotates the N2 
compressor through the accessory drive gear system. When the engine accelerates 
to the recommended value (25% or max motoring), moving the engine start lever 
to the IDLE position opens the fuel valves and causes the MEC to supply fuel to 
the combustor where the fuel ignites. At starter cutout speed (approximately 46% 
N2), power is removed from the engine start switch holding solenoid. The engine 
start switch returns to OFF, the engine bleed air valve returns to the selected 
position, and the start valve closes. 


Abnormal Start Advisory System 


The abnormal start advisory system monitors N2, fuel flow, EGT, and outside air 
temperature during ground engine starts to detect conditions which may lead to an 
abnormal engine start. The crew is alerted to such a situation by the flashing EGT 
digital display. 
During an engine start, the alert indication will occur if: 

e the EGT exceeds a calculated EGT limit based on inputs of N2 and outside 

air temperature 
e the EGT reaches 725°C 
¢ the engine fails to accelerate properly after N2 reaches 32%. 


If a normal start occurs, the alert indication can be reset by pressing the fuel used 
reset switch on the EIS panel. The alert indication is automatically reset when zero 
fuel flow is sensed 


Engine Ignition System 


Each engine has two igniters. The ignition select switch selects either the left, 
right, or both igniters for both engines. The ignition select switch is bypassed 
when the engine start switch is in FLT. 


IGN L, powered by the AC transfer bus, provides high energy ignition to the left 
igniter. IGN R, powered by the AC standby bus, provides high energy ignition to 
the right igniter. 
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With the engine start switch in the GRD position, the selected igniter(s) are 
energized when the engine start lever is positioned to IDLE. The CONT position 
energizes the selected igniter(s) continuously. The FLT position energizes both 
igniters when the engine start lever is positioned to IDLE. 


Engine Start and Ignition System Schematic 
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Thrust Reverser 


Each engine is equipped with a hydraulically operated thrust reverser, consisting 
of left and right translating sleeves. Aft movement of the reverser sleeves causes 
blocker doors to deflect fan discharge air forward, through fixed cascade vanes, 
producing reverse thrust. The thrust reverser is for ground operations only and is 
used after touchdown to slow the airplane, reducing stopping distance and brake 
wear. 


Hydraulic pressure for the operation of engine No. | and engine No. 2 thrust 
reversers comes from hydraulic systems A and B, respectively. If hydraulic 
system A or B fails, alternate operation for the affected thrust reverser is available 
through the standby hydraulic system. When the standby system is used, the 
affected thrust reverser deploys and retracts at a slower rate, and some thrust 
asymmetry can be anticipated. 


The thrust reverser can be deployed when either radio altimeter senses less than 
10 feet altitude, or when the air/ground safety sensor is in the ground mode. 
Movement of the reverse thrust levers is mechanically restricted until the forward 
thrust levers are in the idle position. 


When reverse thrust is selected, the isolation valve opens, and the thrust reverser 
control valve moves to the deploy position, allowing hydraulic pressure to unlock 
and deploy the reverser system. An interlock mechanism restricts movement of 
the reverse thrust lever until the reverser sleeves have approached the deployed 
position. When either reverser sleeve moves from the stowed position, the amber 
REVERSER UNLOCKED light on the center instrument panel illuminates. As 
the thrust reverser reaches the deployed position, the reverse thrust lever can be 
raised to detent No. 2. This position provides adequate reverse thrust for normal 
operations. When necessary, the reverse thrust lever can be pulled beyond detent 
No. 2, providing maximum reverse thrust. 


Downward motion of the reverse thrust lever past detent No. 1 commands the 
reverser to stow. Once the thrust reverser is commanded to stow, the control valve 
moves to the stow position allowing hydraulic pressure to stow and lock the 
reverser sleeves. After the thrust reverser is stowed, the isolation valve closes. 


The REVERSER light, located on the aft overhead panel, illuminates when the 
thrust reverser is commanded to stow and extinguishes 10 seconds later when the 
isolation valve closes. Any time the REVERSER light illuminates for more than 
approximately 12 seconds, a malfunction has occurred, and the MASTER 
CAUTION and ENG system annunciator lights illuminate. 
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When the reverser sleeves are in the stowed position, a hydraulically operated 
locking actuator inhibits motion to each reverser sleeve until reverser extension is 
selected. Additionally, an auto—restow circuit compares the actual reverser sleeve 
position and the commanded reverser position. In the event of incomplete stowage 
or uncommanded movement of the reverser sleeves toward the deployed position, 
the auto—restow circuit opens the isolation valve and commands the control valve 
to the stow position, directing hydraulic pressure to stow the reverser sleeves. 
Once the auto—restow circuit is activated, the isolation valve remains open and the 
control valve is held in the stowed position until the thrust reverser is commanded 
to deploy or until corrective maintenance action is taken. 


WARNING: Actuation of the thrust reversers on the ground without 
suitable precautions is dangerous to ground personnel. 
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Thrust Reverser Schematic 
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Engines, APU Chapter 7 


APU System Description Section 30 


Introduction 


The auxiliary power unit (APU) is a self-contained gas turbine engine installed 
within a fireproof compartment located in the tail of the airplane. 


The APU supplies bleed air for engine starting or air conditioning. An AC 
electrical generator on the APU provides an auxiliary AC power source. 


APU Location 


EXHAUST OUTLET 


Al R DI FFUSER DUCT 


EXHAUST MUFFLER VORTEX GENERATOR 


APU FUEL LI NE 


APU Operation 
The APU operates up to the airplane maximum certified altitude. 


The APU supplies bleed air for one air conditioning pack either on the ground or 
in flight. Both generator busses can be powered on the ground. In flight only one 
generator bus can be powered. 


APU Fuel Supply 


Fuel to start and operate the APU comes from the left side of the fuel manifold 
when the AC fuel pumps are operating. If the AC fuel pumps are not operating, 
fuel is suction fed from the No. | tank. During APU operation, fuel is 
automatically heated to prevent icing. 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE 7.30.1 


Engines, APU - 


APU System Description QAOEING 


737 Operations Manual 


With the APU operating and AC electrical power on the airplane busses, operate 
at least one fuel boost pump to supply fuel under pressure to the APU. 


APU Engine and Cooling Air 


APU engine and cooling air is routed to the APU through an automatically 
operated air inlet door located on the right side of the fuselage. APU exhaust gases 
are discharged overboard through an exhaust muffler. 


The APU oil cooler and electrical generator are provided positive cooling airflow 
by a gear-driven fan. 


Electrical Requirements for APU Operation 


APU operation requires the following: 
¢ APU fire switch on the overheat/fire panel must be IN 
¢ APU fire control handle on the APU ground control panel must be IN 
¢ Battery switch must be ON. 


Electrical power to start the APU comes from the airplane battery. 
Moving the battery switch to OFF on the ground shuts down the APU. 


APU Start 


The automatic start sequence begins by moving the APU switch momentarily to 
START. This initiates opening of the air inlet door. When the APU inlet door 
reaches the full open position the start sequence begins. After the APU reaches the 
proper speed, ignition and fuel are provided. When the APU is ready to accept a 
bleed air or electrical load the APU GEN OFF BUS light illuminates. 


If the APU does not reach the proper speed with the proper acceleration rate within 
the time limit of the starter, the start cycle automatically terminates. The start cycle 
may take as long as 135 seconds. 


Operate the APU for one full minute before using it as a bleed air source. This one 
minute stabilization is recommended to extend the service life of the APU. 


APU Shutdown 


Moving the APU switch to OFF shuts down the APU, trips the APU generator, and 
closes the APU bleed air valve. On some airplanes, the APU continues to run for 
a 30 second cooling period before it automatically shuts down. Shutdown can also 
be accomplished by pulling the APU fire switch. 
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Fuel Control Unit (FCU) 


A Fuel Control Unit (FCU) controls APU engine speed and exhaust gas 
temperature. Automatic shutdown protection is provided for overspeed 
conditions, low oil pressure, high oil temperature, APU fire, and fuel control unit 
failure. Control air input is provided to the fuel control unit through a solenoid 
operated three-way control valve. 


The control air pressure is modulated in response to EGT changes. When electrical 
load and bleed air extraction combine to raise the EGT above acceptable levels, 
the bleed air valve will modulate toward the closed position. In the event of an 
overtemperature, the APU will shut down, and the FAULT light will illuminate. 


APU Automatic Galley Load Shedding 


Galley electrical loads will automatically be shed should the total airplane 
electrical power requirements exceed design limits with the APU generator 
providing electrical power. 
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Controls and Indicators Section 10 


Overheat/Fire Protection Panel Switches 


WHEEL 
WELL 


FAULT 


OVERHEAT 


APU DET ENG 2 
| NOP 


PULL WHEN | LLUM NATED 
LOCK OVERRI DE: PRESS 


[APU BOTTLE FIRE SW TOHES | 
—TFUEL-SHOTOFF] — 


BUTTON UNDER HANDLE 


AFT ELECTRONIC PANEL 


Gp Overheat Detector (OVHT DET) Switch 
NORMAL - detection loop A and loop B are active. 
A — detection loop A is active. 


B — detection loop B is active. 


q@p Fire Warning BELL CUTOUT Switch 


Push — 
* extinguishes both master FIRE WARN lights 
¢ silences the fire warning bell 
¢ silences the remote APU fire warning horn (on the ground only) 
* resets the system for additional warnings. 


@&p Extinguisher (EXT) TEST Switch 
(spring-loaded to center) 


1 or 2 — tests bottle discharge circuits for all three extinguisher bottles. 


@@p FAULT/Inoperative (INOP) and Overheat (OVHT)/FIRE TEST 
Switch 


(spring-loaded to center) 
FAULT/INOP - tests fault detection circuits for both engines and the APU. 
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OVHT/FIRE -— tests overheat and fire detection loops on both engines and APU, 
and wheel well fire detector 


Note: See Fire and Overheat Detection System Fault Test in Section 20. 


q@p APU Fire Warning Switch 
Illuminated (red) — 
¢ indicates fire in APU 
¢ unlocks APU fire warning switch. 
Note: Master FIRE WARN lights illuminate, fire warning bell sounds, APU fire 


warning horn in main wheel well sounds (on ground only), and APU fire 
warning light flashes. 


In — normal position, mechanically locked if no fire signal. 
Up - 
¢ arms APU extinguisher circuit 
¢ closes APU fuel shutoff valve, APU bleed air valve, and APU inlet door 
¢ trips generator control relay and breaker 
¢ allows APU fire warning switch to rotate. 
Rotate (left or right) — 
¢ discharges APU fire bottle. 


Gp Engine Fire Warning Switch 
Illuminated (red) — 

¢ indicates fire in related engine 

¢ unlocks related engine fire warning switch. 


Note: Master FIRE WARN lights illuminate and fire warning bell sounds. 


In — normal position, mechanically locked if no fire signal. 
Up - 
¢ arms one discharge squib on each engine fire extinguisher 
¢ closes fuel, hydraulic shutoff and engine bleed air valves 
¢ disables thrust reverser 
¢ trips generator control relay and breaker 
¢ deactivates engine driven hydraulic pump LOW PRESSURE light 
¢ allows engine fire warning switch to rotate. 


Rotate (left or right) — discharges related fire bottle. 
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Fire Warning Switch Override 


FI RE SW TCH Fl RE SW TCH 


INL TAL 


LOCKED ( NORMAL) UNLOCKED 


AFT ELECTRONIC PANEL 


Fire Warning Switch Override 


Push — unlocks fire warning switch. 


Overheat/Fire Protection Panel Lights 


OVHT DET WEEL BELL cuTour | OHI DET L BOTTLE |} R BOTTLE 
i 3 ‘ 5 |DLSCHARGE| 01 ScHARGE 
ENG NES: 
FAUT DI SCH L ET 
XE 
“a 1 2 
APU DET rants -_ ® 
| NOP OVERHEAT RI 
APU BOTTLE D 


FIRE SW TCHES . O O 
PULL WHEN | LLUM NATED 


LOCK OVERRI DE: PRESS 
BUTTON UNDER HANDLE 


DI SCHARGE} [P 
WW) 


AFT ELECTRONIC PANEL 


Engine (ENG) OVERHEAT Light 


Illuminated (amber) — indicates overheat in related engine. 


Note: MASTER CAUTION and OVHT/DET system annunciator lights 
illuminate. 


@p FAULT Light 
Illuminated (amber) — with the overheat detector switch in NORMAL - indicates 
both detector loops for an engine have failed. 
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Illuminated (amber) — with the overheat detector switch in A or B — indicates the 
selected loop for an engine has failed. 


Note: MASTER CAUTION and OVHT/DET system annunciator lights do not 


illuminate. 


Dp WHEEL WELL Fire Warning Light 


Illuminated (red) — indicates fire in main gear wheel well 


Note: Master FIRE WARN lights illuminate and fire warning bell sounds. 


@® Engine BOTTLE DISCHARGE Light 


Illuminated (amber) — indicates related fire extinguisher bottle has discharged. 


q@p APU Detector Inoperative (DET INOP) Light 
Illuminated (amber) — indicates APU detector loop has failed. 
Note: MASTER CAUTION and OVHT/DET system annunciator lights 


illuminate. 


@p APU BOTTLE DISCHARGE Light 
Illuminated (amber) — indicates APU extinguisher bottle has discharged. 


Extinguisher Test (EXT TEST) Lights 


Illuminated (green) - EXT TEST switch is positioned to 1 or 2 and circuit 
continuity is normal. 
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1 EXT —DET SELECI—— 
FWD AFT NORM NORM DETECT: 
. O A BAYT y 8 ||_ FAULT 
A ( ) (') il 
R FWD AFT DI SCH 
. TEST ARM a a 
: ARNVED ARVED —_ 
FWD AFT DI SCH 
[7 As installed 
AFT ELECTRONIC PANEL 


Extinguisher (EXT) Test Lights 


Illuminated (green) - Cargo Fire TEST switch is pushed and fire bottle discharge 
squib circuit continuity is normal. 


@® Detector Select (DET SELECT) Switches 
NORM - detection loop A and B are active. 
A - detection loop A is active. 


B - detection loop B is active. 


@® DETECTOR FAULT Light 


Illuminated (amber) - one or more detectors in the selected loop(s) has failed. 


@@D Cargo Fire TEST Switch 


PUSH - tests circuits for both forward and aft cargo fire detector loops and 
suppression system. 


Note: See Cargo Fire System Tests in Section 20. 


@&p Cargo Fire ARMED Switches 

PUSH - 
¢ FWD ARMED - extinguisher armed for the forward cargo compartment 
e AFT ARMED - extinguisher armed for the aft cargo compartment. 
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Gp Cargo Fire (FWD/AFT) Warning Lights 


Iluminated (red) - 
¢ at least one detector in each loop detects smoke 


¢ with power failed in one loop, at least one detector on the remaining loop 
detects smoke. 


Note: Master FIRE WARN lights illuminate and fire warning bell sounds. 


Cargo Fire Bottle Discharge (DISCH) Light 


Illuminated (amber) - indicates the extinguisher bottle has discharged 


Pp Cargo Fire Discharge (DISCH) Switch 
PUSH - if system is armed, discharges the extinguisher bottle. 


Master Fire Warning Light 


Fl RE 
1 WARN 


BELL CUTOUT 
LIGHT SHIELD 


Master Fire Warning (FIRE WARN) Light 
Illuminated (red) — indicates a fire warning (or system test) in engine, APU, main 
gear wheel well, or cargo compartments (on some airplanes) 
e fire warning bell sounds 
¢ if on ground, remote APU fire warning horn sounds. 
Push — 
¢ extinguishes both master FIRE WARN lights 
¢ silences the fire warning bell 
¢ silences the remote APU fire warning horn 
¢ resets the system for additional warnings. 


Note: Pushing fire warning bell cutout switch on overheat/fire protection panel 
results in same actions. 
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APU Ground Control Panel 


MAIN WHEEL WELL 


APU BOTTLE DISCHARGE Switch 
(spring—loaded to the right and safetied.) 
Left — discharges APU extinguisher. 


Note: Armed only if APU fire control handle is pulled at this panel. 


q@p APU Fire Control Handle 
Up — normal position. 
Down — 
¢« arms APU BOTTLE DISCHARGE switch (on this panel only) 


¢ closes APU fuel shutoff, bleed air valve and APU inlet door 
¢ trips generator control relay and breaker. 


ep APU Fire Warning HORN CUTOUT Switch 
Push — 
¢ silences fire alarm bell 
e silences APU fire warning horn 
¢ causes APU fire warning light to stop flashing but remain illuminated. 
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@@p APU Fire Warning Light 
Illuminated (red flashing) — indicates fire in APU. 


Note: Also, flight deck fire warning bell sounds and APU fire warning horn in 
main wheel wails. 


Illuminated (red steady) — indicates APU fire warning HORN CUTOUT switch 
has been pushed following an APU fire indication. 


Lavatory Fire 


Lavatory Smoke Detection 


LAVATORY 
ees 


1 SMOKE 


[7 As installed 


FORWARD OVERHEAD PANEL 


LAVATORY SMOKE Light 
Illuminated (amber) — 
e smoke has been detected in a lavatory or 
* atest is being conducted. 


Note: MASTER CAUTION and OVERHEAD system annunciator lights 
illuminate. 
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Lavatory Fire Extinguisher 


BLACK WHEN EXPOSED 


BELOW LAVATORY SINK 


TEMPERATURE INDICATOR Placard 
White — normal condition. 


Black — exposed to high temperatures. 


@p Heat Activated Nozzles 
Flat black — normal condition. 
Aluminum — indicates extinguisher has discharged. 


On early airplanes one nozzle discharges toward the towel disposal container, the 
other under the sink. On later airplanes (illustrated) both nozzles discharge toward 
the towel disposal container. 
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System Description Section 20 
Introduction 
There are fire detection and extinguishing systems for: 
* engines ¢ lavatories 
« APU * cargo compartments 


(as installed.) 


The engines also have overheat detection systems. 


The main gear wheel well has a fire detection system, but no fire extinguishing 
system. 


Engine Fire Protection 


Engine fire protection consists of these systems: 
* engine overheat and fire detection powered by the battery bus 
* engine fire extinguishing powered by the hot battery bus. 


Engine Overheat and Fire Detection 


Each engine contains two overheat/fire detector loops. Each loop provides both 
fire and overheat detection. As the temperature of a detector increases to a 
predetermined limit, the detector senses an overheat condition. At higher 
temperatures, the detector senses a fire condition. Normally, both detector loops 
must sense a fire or overheat condition to cause an engine overheat or fire alert. 
The ENG OVERHEAT light or engine fire warning switch remains illuminated 
until the temperature drops below the onset temperature. 


An OVHT DET switch for each engine, labeled A, B, and NORMAL, permits 
selection of either loop A or B, or both A and B, as the active detecting loops. 


The system contains a fault monitoring circuit. If one loop fails with the OVHT 
DET switch in NORMAL, that loop is automatically deselected and the remaining 
loop functions as a single loop detector. There is no cockpit indication of single 
loop failure. If both loops fail on an engine, the FAULT light illuminates and the 
system is inoperative. 


If the OVHT DET switch is positioned to A or B, the system operates as a single 
loop system. The non-selected loop is not monitored. If the selected loop fails, the 
FAULT light illuminates and the system is inoperative. 
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The indications of an engine overheat are: 

¢ both MASTER CAUTION lights illuminate 

e the OVHT/DET system annunciator light illuminates 

e the related ENG OVERHEAT light illuminates. 
The indications of an engine fire are: 

e the fire warning bell sounds 

¢ both master FIRE WARN lights illuminate 

e the related engine fire warning switch illuminates 

¢ all related engine overheat alert indications illuminate. 
Engine Fire Extinguishing 
The engine fire extinguisher system consists of two engine fire extinguisher 
bottles, two engine fire warning switches, two BOTTLE DISCHARGE lights, and 
an EXT TEST switch. Either or both bottles can be discharged into either engine. 
The engine fire warning switches are normally locked down to prevent inadvertent 
shutdown of an engine. Illumination of an engine fire warning switch or ENG 


OVERHEAT light unlocks the engine fire warning switch. The switches may also 
be unlocked manually. 


Pulling the engine fire warning switch up: 
¢ closes the related engine fuel shutoff valve 


¢ closes the related engine bleed air valve resulting in loss of wing anti—ice 
to the affected wing and closure of bleed air operated pack valve 


¢ trips the generator control relay and breaker 


¢ closes the hydraulic fluid shutoff valve. The engine driven hydraulic 
pump LOW PRESSURE light is deactivated 


e disables thrust reverser for the related engine. 

¢ allows the engine fire warning switch to be rotated for discharge 

¢ arms one discharge squib on each engine fire extinguisher bottle. 
Rotating the engine fire warning switch electrically “fires” a squib, discharging 
the extinguishing agent into the related engine. Rotating the switch the other way 
discharges the remaining bottle. 
The L or R BOTTLE DISCHARGE light illuminates a few seconds after the 
engine fire warning switch is rotated, indicating the bottle has discharged. 
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Engine Fire Extinguisher Schematic 


L BOTTLE 


APU Fire Protection 


APU fire protection consists of these systems: 
e APU fire detection powered by the battery bus. 
e APU fire extinguishing powered by the hot battery bus. 


APU Fire Detection 


A single fire detection loop is installed on the APU. As the temperature of the 
detector increases to a predetermined limit, the detector senses a fire condition. 
The APU fire warning switch remains illuminated until the temperature of the 
detector has decreased below the onset temperature. 


The system contains a fault monitoring circuit. If the loop fails, the APU DET 
INOP light illuminates indicating the APU fire detection system is inoperative. 
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The indications of an APU fire are: 
e the fire warning bell sounds 
¢ both master FIRE WARN lights illuminate 
e the APU fire warning switch illuminates 
¢ the APU automatically shuts down 


e the APU fire warning horn in the main wheel well sounds, (on the ground 
only), and the APU fire warning light flashes. 


APU Fire Extinguishing 


The APU fire extinguisher system consists of one APU fire extinguisher bottle, an 
APU fire warning switch, an APU BOTTLE DISCHARGE light, and an EXT 
TEST switch. The APU ground control panel located in the right main wheel well 
also contains an APU fire warning light, an APU BOTTLE DISCHARGE switch, 
an APU fire control handle and APU HORN CUTOUT switch. 


The APU fire warning switch is normally locked down to prevent inadvertent 
shutdown of the APU. Illumination of the APU fire warning switch unlocks the 
switch. The switch may also be unlocked manually. 
Pulling the APU fire warning switch up: 

¢ provides backup for the automatic shutdown feature 

¢ deactivates the fuel solenoid and closes the APU fuel shutoff valve 

¢ closes the APU bleed air valve 

¢ closes the APU air inlet door 

¢ trips the APU generator control relay and breaker 

¢ allows the APU fire warning switch to be rotated for discharge 

¢ arms the APU fire extinguisher bottle squib. 
Rotating the APU fire warning switch in either direction electrically “fires” the 
squib discharging the extinguishing agent into the APU. The APU BOTTLE 
DISCHARGE light illuminates after a few seconds, indicating the bottle has 
discharged. 


Main Wheel Well Fire Protection 


Main wheel well fire protection consists of fire detection powered by the No. 1 AC 
transfer bus. 


Note: The main wheel well has no fire extinguishing system. The nose wheel 
well does not have a fire detection system. 
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A single fire detector loop is installed in the main wheel well. As the temperature 
of the detector increases to a predetermined limit, the detector senses a fire 
condition. The WHEELWELL fire warning light remains illuminated until the 
temperature of the detector has decreased below the onset temperature. 


The indications for a main wheel well fire are: 
e the fire warning bell sounds 
¢ both master FIRE WARN lights illuminate 
e the WHEEL WELL fire warning light illuminates. 


Cargo Compartment Fire Protection (as installed) 


Cargo fire protection consists of these systems: 
* cargo compartment smoke detection powered by DC bus | and DC bus 2 
* cargo compartment fire extinguishing powered by the hot battery bus. 


Cargo Compartment Smoke Detection 


The forward and aft cargo compartments each have smoke detectors in a dual loop 
configuration. Normally, both detection loops must sense smoke to cause an alert. 
These loops function in the same manner as the engine overheat/fire detection 
loops. 


Cargo Compartment Fire Warning 


The indications of a cargo compartment fire are: 


e the fire warning bell sounds 
¢ both master FIRE WARN lights illuminate 
¢ the FWD/AFT cargo fire warning light(s) illuminates. 


Cargo Compartment Fire Extinguishing 


A single fire extinguisher bottle is installed in the air conditioning mix bay on the 
forward wing spar. Detection of a fire in either the forward or aft compartment will 
cause the FWD or AFT cargo fire warning light to illuminate. The extinguisher is 
armed by pushing the appropriate cargo fire ARMED switch. Once armed, the 
system is discharged by pushing the cargo fire DISCH switch. This results in the 
total discharge of the bottle contents into the selected compartment. The cargo fire 
DISCH light illuminates once the bottle is discharged. It may take up to 30 
seconds for the light to illuminate. 
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Cargo Fire Extinguisher Schematic 


Dual Loop Area 
Snoke ‘Ppt ectors 
I I 
e e e r—|e@ @ 
. | 
XxX] Di schar ge Tubi ng/ Nozzl es 
Fire 
Bottle 
FWD Cargo Conpart rent AFT Cargo Conpart ment 


Lavatory Fire Protection 


Lavatory fire protection consists of these systems: 
¢ lavatory smoke detection 
e lavatory fire extinguishing (heat activated). 


Lavatory Smoke Detection 


The lavatory smoke detection system monitors for the presence of smoke. When 
smoke is detected: 
¢ an aural warning sounds over the passenger address system 


e the red alarm indicator light on the lavatory smoke detector panel 
illuminates 


¢ pressing the interrupt switch silences the aural warning. If smoke is still 
present when the switch is released, the alarm will sound again 


* onsome airplanes flight deck LAVATORY SMOKE, OVERHEAD 
system annunciator, and MASTER CAUTION lights illuminate 


When smoke is no longer present the system automatically resets. 


Lavatory Fire Extinguisher System 
A fire extinguisher system is located beneath the sink area in each lavatory. When 
a fire is detected: 


¢ fire extinguisher operation is automatic 
¢ flight deck has no indication of extinguisher discharge. 
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Fire and Overheat System Tests 


The fire and overheat detection systems can be tested by pushing and holding the 
FAULT/INOP and OVHT/FIRE TEST switch. Extinguisher continuity can be 
tested by pushing and holding the EXT TEST switch. All test indications clear 
when switches are released. 


FAULT/INOP Test Detection 


The fault detection circuits for both the engines and the APU are tested by pushing 
and holding the FAULT/INOP and OVHT/FIRE TEST switch in the 
FAULT/INOP position. 
The indications for the FAULT/INOP test are: 

¢ both MASTER CAUTION lights illuminate 

¢ the OVHT/DET system annunciator light illuminates 

¢ the FAULT light illuminates 

e the APU DET INOP light illuminates. 


OVERHEAT/FIRE Test Detection 


The overheat and fire detection loops on both engines, the APU, and the fire 
detector in the wheel well are tested by pushing and holding the FAULT/INOP and 
OVHT/FIRE TEST switch in the OVHT/FIRE position. 
The indications for the OVHT/FIRE test are: 

e the fire warning bell sounds 

¢ both master FIRE WARN lights illuminate 

¢ both MASTER CAUTION lights illuminate 

e the OVHT/DET system annunciator light illuminates 

¢ both engine fire warning switches illuminate 

e the APU fire warning switch illuminates 

¢ both ENG OVERHEAT lights illuminate 


e the WHEEL WELL fire warning light illuminates if AC power is 
available 

¢ on the ground, the APU fire warning horn sounds and the APU fire 
warning light in the main wheel well flashes. 


Note: During an OVERHEAT/FIRE Test, the FAULT light will illuminate if one 
or more detectors in the loop(s) has failed. 
Extinguisher Test 


When the EXT TEST switch is positioned to 1 or 2, the green EXT TEST lights 
illuminate, verifying circuit continuity from the squib to the engine fire warning 
switch. 
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Cargo Fire System Tests (as installed) 


The cargo fire detection and suppression system can be tested by pushing and 
holding the cargo fire TEST switch. This sends a test signal to the forward and aft 
cargo fire detector loops and verifies continuity of the extinguisher bottle squib 
circuits. All test indications clear when the TEST switch is released 


Cargo Fire TEST 


The indications for the Cargo Fire test are: 
e the fire warning bell sounds 
¢ both master FIRE WARN lights illuminate 
e the extinguisher test lights illuminate 


¢ the FWD and AFT cargo fire warning lights illuminate when all detectors 
in selected loop(s) respond to the fire test 


¢ the cargo fire bottle DISCH light illuminates 


Note: The fire warning BELL CUTOUT switch on the Overheat/Fire Protection 
panel can silence the fire warning bell and extinguish the master FIRE 
WARN lights 


Note: During a Cargo Fire Test, the DETECTOR Fault light will illuminate if one 
or more detectors in the loop(s) has failed. 


Note: Individual detector faults can only be detected by a manually initiated test. 
The MASTER CAUTION light does not illuminate. 


Note: At the end of cargo fire testing, a four second delay allows all applicable 
indications to extinguish at the same time. 


Cargo Fire Extinguisher Test 


When the Cargo Fire TEST button is pushed, the green EXT lights illuminate, 
verifying the fire bottle discharge squib circuit continuity is normal. 
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Flight Control Panel 


5 
LOW Ow 

PRESSURE 6 
7 

DI FF PRESS| 

SPEED TRIM 
FALL 8 

MACH TRIM 
YAW DANPER FAIL 9 

YAW AUTO SLAT 
DANPER FALL 10 


FORWARD OVERHEAD PANEL 


@p Refer to Chapter 13 - Hydraulics 


@® Flight SPOILER Switches (guarded to ON) 
Used for maintenance purposes only. 


OFF -— closes the respective flight spoilers shutoff valve. 


B® YAW DAMPER Light 


Illuminated (amber) — yaw damper is not engaged. 
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@p YAW DAMPER Switch 
OFF — disengages yaw damper. 


ON — engages yaw damper to rudder power control unit. 


q@p ALTERNATE FLAPS Master Switch (guarded to OFF) 
OFF — normal operating position. 


ARM - closes trailing edge flap bypass valve, activates standby pump, and arms 
the ALTERNATE FLAPS position switch. 


Gp ALTERNATE FLAPS Position Switch 
Functions only when the ALTERNATE FLAPS master switch is in ARM. 
UP - 
¢ electrically retracts trailing edge flaps 
¢ leading edge devices remain extended and cannot be retracted by the 
alternate flaps system. 


OFF — normal operating position. 


DOWN (spring loaded to OFF) — 
¢ (momentary) fully extends leading edge devices using standby hydraulic 
pressure 
e (hold) electrically extends trailing edge flaps. 


Feel Differential Pressure (FEEL DIFF PRESS) Light 
Armed when the trailing edge flaps are up. 


Illuminated (amber) — indicates excessive differential pressure in the elevator feel 
computer. 


@® SPEED TRIM Failure (FAIL) Light 


Tuminated (amber) — 


¢ indicates failure of the speed trim system 

¢ indicates failure of a single FCC channel when MASTER CAUTION 
light recall is activated and light extinguishes when master caution system 
is reset. 


@B MACH TRIM Failure (FAIL) Light 


Tuminated (amber) — 


¢ indicates failure of the mach trim system 
¢ indicates failure of a single FCC channel when MASTER CAUTION 
light recall is activated and light extinguishes when master caution system 
is reset. 
Copyright © The Boeing Company. See title page for details. 
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@p Automatic (AUTO) SLAT Failure (FAIL) Light 


Illuminated (amber) — 
¢ indicates failure of both auto slat computers. 


¢ indicates failure of a single autoslat computer when illuminated during 
MASTER CAUTION recall and extinguishes when master caution 
system is reset. 


Stabilizer 


STAB TRIM 


4 MAIN AUTO OVERRI DE 
ELECT noavat Pl LOT 
5 6 


CZ seal 
NX 
CONTROL WHEEL CONTROL STAND AFT ELECTRONIC 
PANEL 
STAB 
Enso o 
TRIM 


CENTER INSTRUMENT PANEL 


Stabilizer Trim Wheel 
¢ provides for manual operation of stabilizer 
* overrides any other stabilizer trim inputs 
* rotates when stabilizer is in motion. 
Note: handle should be folded inside stabilizer trim wheel for normal operation 
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@® Stabilizer Trim Indicator 


Indicates units of airplane trim on the adjacent scale. 


=p Stabilizer Trim Green Band Range 


Corresponds to allowable range of trim settings for takeoff 


@® Stabilizer Trim Switches (spring-loaded to neutral) 


Push (both) — 
¢ electrically commands stabilizer trim in desired direction 
¢ autopilot disengages if engaged. 


@® Stabilizer Trim Main Electric (MAIN ELECT) Cutout Switch 
NORMAL - normal operating position. 


CUTOUT - deactivates stabilizer trim switch operation. 


@® Stabilizer Trim AUTOPILOT Cutout Switch 
NORMAL - normal operating position. 


CUTOUT - 
¢ deactivates autopilot stabilizer trim operation 
¢ autopilot disengages if engaged. 


Stabilizer Trim Override Switch 


OVERRIDE — bypasses the control column actuated stabilizer trim cutout 
switches to restore power to the stabilizer trim switches 


NORM - normal operating position. 


@p STAB OUT OF TRIM Light 
Refer to Chapter 4 — Automatic Flight 
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RUDDER TRIM 
15 10 NS 1) 5 10 15 
peti tuitisiilipidiey 


LEFT UNITS Ri GHT| 


Rudder 


NOSE NOSI 
LEFT RI GHT 


CREW STATION 


YAW DANPER _ ) 


: 


AFT ELECTRONIC PANEL 


CENTER INSTRUMENT 
PANEL 


Rudder Pedals 
Push — 


* controls rudder position 
* permits limited nose gear steering up to 7 degrees each side of center. 


@p Rudder Trim Indicator 


Indicates units of rudder trim. 


ep Rudder Trim OFF Flag 


Illuminated (amber) (in view) — rudder trim indicator is inoperative. 


@@p Rudder Trim Control (spring-loaded to neutral) 


Rotate — electrically trims the rudder in the desired direction. 
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@&p YAW DAMPER Indicator 
¢ indicates yaw damper movement of rudder 
e pilot rudder pedal inputs are not indicated. 


Aileron / Elevator / Flight Spoilers 


{( AILERON TRIM 
Cacaunedutatitecnantay 
LLL tt Ett bbb ty Et EE ty 


AFT ELECTRONIC 
PANEL CREW STATION 


AILERON TRIM Indicator 


Includes units of aileron trim. 


@p AILERON TRIM (spring-loaded to the neutral position) 


Movement of both switches repositions the aileron neutral control position. 


Bp Control Wheel 


Rotate — operates ailerons and flight spoilers in desired direction. 


@@D Control Column 


Push/Pull — 
* operates elevators in the desired direction 
* movement opposing stabilizer trim stops electric trimming. 
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Speed Brakes 
2 
3 


CENTER 
INSTRUMENT 
PANEL 


GB SPEED 
BRAKE 


CONTROL STAND 
F/O INSTRUMENT 
PANEL 


SPEED BRAKE Lever 
DOWN (detent) — all flight and ground spoiler panels in faired position. 
ARMED - 


* automatic speed brake system armed 


* upon touchdown, the SPEED BRAKE lever moves to the UP position, 
and all flight and ground spoilers extend. 


FLIGHT DETENT - all flight spoilers are extended to their maximum position for 
inflight use. 


UP -— all flight and ground spoilers are extended to their maximum position for 
ground use. 


@p SPEED BRAKE DO NOT ARM Light 
Light deactivated when SPEED BRAKE lever is in the DOWN position. 


Illuminated (amber) — indicates abnormal condition or test inputs to the automatic 
speed brake system. 
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Gp SPEED BRAKE ARMED Light 
Light deactivated when SPEED BRAKE lever is in the DOWN position. 


Illuminated (green) — indicates valid automatic speed brake system inputs. 


Gp SPEED BRAKE Caution Light 


Flashing (amber) — indicates air/ground sensor in air position, SPEED BRAKE 
lever aft of ARMED position and flaps extended beyond position 10. 
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Trailing Edge Flaps 
4 ‘a 
rap, C4 
on 
\ 1 \ 4 
Nw [LL / 
2c 
5 
10, 
154 FLAPS LI MT (1 AS) 
* 1- 250K 15- 205K 
30: 2- 250K 25- 190K 
5- 250K 30- 185K 
407 10- 215K 40- 162K 


230K ALT FLAP EXT 


CONTROL STAND ( 737- 400) 


FLAPS LIM T (1 AS) 


1- 230K 15- 195K 
2- 230K 25- 190K 


5- 225K 30- 185K 
10- 210K 40- 158K 


230K ALT FLAP EXT 
( 737- 300/ 500) 


CENTER INSTRUMENT 
PANEL 


Flap Lever 
¢ selects position of flap control valve, directing hydraulic pressure for flap 
drive unit 
¢ position of the leading edge devices is determined by selecting trailing 
edge flap position 
¢ flap position 40 arms the flap load relief system. 
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@p Flap Gates 


Prevents inadvertent flap lever movement beyond: 
* position | — to check flap position for one engine inoperative go—around 
* position 15 — to check flap position for normal go—around. 


ep Flap Position Indicator 
¢ indicates position of left and right trailing edge flaps 
¢ provides trailing edge flaps asymmetry protection. 


@® FLAPS LIMIT Placard 


@® FLAP LOAD RELIEF Light 


Illuminated (amber) — indicates flaps have retracted from 40 to 30 due to excess 
airspeed. 
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Leading Edge Devices 


LE FLAPS | LE FLAPS 
TRANS! T EXT 


CENTER 
INSTRUMENT 
PANEL 


AFT OVERHEAD PANEL 


Leading Edge Devices (LE DEVICES) Annunciator Panel 
Indicates position of individual leading edge flaps and slats. 


Extinguished — related leading edge device retracted. 


@® Leading Edge Devices TRANSIT Lights 


Illuminated (amber) — related leading edge device in transit. 


p Leading Edge Devices Extended (EXT) Lights 


Illuminated (green) — related leading edge slat in extended (intermediate) position. 


@® Leading Edge Devices FULL Extended (EXT) Lights 


Illuminated (green) — related leading edge device in full extended position. 


@&p Leading Edge Annunciator Panel TEST Switch 


Press — tests all annunciator panel lights. 


@p Leading Edge Transit (LE FLAPS TRANSIT) Light 


Illuminated (amber) — any leading edge device in transit, or not in programmed 
position with respect to trailing edge flaps. 


Note: Light is inhibited during autoslat operation in flight. 
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Leading Edge (LE) FLAPS Extended (EXT) Light 


Illuminated (green) — 
¢ all leading edge flaps extended and all leading edge slats in extended 
(intermediate) position (trailing edge flap positions 1, 2 and 5) 


¢ all leading edge devices in full extended position (trailing edge flap 
positions 10 through 40). 
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Introduction 


The primary flight control system uses conventional control wheel, column, and 
pedals linked mechanically to hydraulic power control units which command the 
primary flight control surfaces; ailerons, elevators and rudder. The flight controls 
are powered by redundant hydraulic sources; system A and system B. Either 
hydraulic system can operate all primary flight controls. The ailerons and 
elevators may be operated manually if required. The rudder may be operated by 
the standby hydraulic system if system A and system B pressure is not available. 


The secondary flight controls, high lift devices consisting of trailing edge (TE) 
flaps and leading edge (LE) flaps and slats (LE devices), are powered by hydraulic 
system B. In the event hydraulic system B fails, the TE flaps can be operated 
electrically. Under certain conditions the power transfer unit (PTU) automatically 
powers the LE devices. (Refer to Chapter 13, Hydraulics, Power Transfer Unit). 
They can also be extended using standby hydraulic pressure. 


Pilot Controls 
The pilot controls consist of: 
¢ two control columns e AILERON trim switches 
¢ two control wheels ¢ RUDDER trim control 
* two pairs of rudder pedals ¢ YAW DAMPER switch 
e SPEED BRAKE lever ¢ ALTERNATE FLAPS master 
* FLAP lever switch 
¢ STAB TRIM cutout switches ¢ alternate flaps position switch 
* STAB TRIM override switch * FLT CONTROL switches 
¢ stabilizer trim switches * flight SPOILER switches 


¢ stabilizer trim wheel 


The control wheels are connected through transfer mechanisms which allow the 
pilots to bypass a jammed control or surface. 


There is a rigid connection between both pairs of rudder pedals. 


The SPEED BRAKE lever allows manual or automatic symmetric actuation of the 
spoilers. 
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Flight Control Surfaces 


Pitch control is provided by: 

* two elevators 

¢ amovable horizontal stabilizer. 
Roll control is provided by: 

* two ailerons 

¢ four flight spoilers. 
Yaw control is provided by a single rudder. During takeoff, the rudder becomes 
aerodynamically effective between 40 and 60 knots. 
TE flaps, and LE flaps and slats provide high lift for takeoff, approach, and 
landing. 


In the air symmetric flight spoilers are used as speed brakes. On the ground 
symmetric flight and ground spoilers destroy lift and increase braking efficiency. 


Flight Control Surfaces Location 


FLI GHT SPO LERS 


LE FLAPS 


LE SLATS 


STABI LI ZER 


Al LERONS 


Roll Control 


The roll control surfaces consist of hydraulically powered ailerons and flight 
spoilers, which are controlled by rotating either control wheel. 


Ailerons 


The ailerons provide roll control around the airplane’s longitudinal axis. The 
ailerons are positioned by the pilots' control wheels. The A and B FLT CONTROL 
switches control hydraulic shutoff valves. These valves can be used to isolate 
ailerons, elevators and rudder, from the related hydraulic system pressure. 
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The Captain’s control wheel is connected by cables to the aileron power control 
units (PCUs) through the aileron feel and centering unit. The First Officer’s 
control wheel is connected by cables to the spoiler PCUs through the spoiler 
mixer. The two control wheels are connected by a cable drive system which allows 
actuation of both ailerons and spoilers by either control wheel. With total 
hydraulic power failure the ailerons can be mechanically positioned by rotating 
the pilots' control wheels. Control forces are higher due to friction and 
aerodynamic loads. 


Aileron Transfer Mechanism 


If the ailerons or spoilers are jammed, force applied to the Captain’s and the First 
Officer’s control wheels will identify which system, ailerons or spoilers, is usable, 
and which control wheel, Captain’s or First Officer’s, can provide roll control. If 
the aileron control system is jammed, force applied to the First Officer’s control 
wheel provides roll control from the spoilers. The ailerons and the Captain’s 
control wheel are inoperative. If the spoiler system is jammed, force applied to the 
Captain’s control wheel provides roll control from the ailerons. The spoilers and 
the First Officer’s control wheel are inoperative. 


Aileron Trim 


Dual AILERON trim switches, located on the aft electronic panel, must be pushed 
simultaneously to command trim changes. The trim electrically repositions the 
aileron feel and centering unit, which causes the control wheel to rotate, and 
redefines the aileron neutral position. The amount of aileron trim is indicated on 
a scale on the top of each control column. 


If aileron trim is used with the autopilot engaged, the trim is not reflected in the 
control wheel position. The autopilot overpowers the trim and holds the control 
wheel where it is required for heading/track control. Any aileron trim applied 
when the autopilot is engaged can result in an out of trim condition and an abrupt 
rolling movement when the autopilot is disconnected. 
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Flight Spoilers 


Two flight spoilers are located on the upper surface of each wing. Each hydraulic 
system, A and B, is dedicated to a different set of spoilers to provide isolation and 
maintain symmetric operation in the event of hydraulic system failure. Hydraulic 
pressure shutoff valves are controlled by the two flight SPOILER switches. 


Flight spoiler panels are used as speed brakes to increase drag and reduce lift, both 
in flight and on the ground. The flight spoilers also supplement roll control in 
response to control wheel commands. A spoiler mixer, connected to the aileron 
cable—drive, controls the hydraulic power control units on each spoiler panel to 
provide spoiler movement proportional to aileron movement. 


The flight spoilers rise on the wing with up aileron and remain faired on the wing 
with down aileron. When the control wheel is displaced more than approximately 
10°, spoiler deflection is initiated. 
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Roll Control Schematic 


Al LERON TRANSFER 
MECHANI SM 


Pitch Control 


The pitch control surfaces consist of hydraulically powered elevators and an 

electrically powered stabilizer. The elevators are controlled by forward or aft 

movement of the control column. The stabilizer is controlled by either the 

stabilizer trim switches on the control wheel, the autopilot, or manual trim. 
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Elevators 


The elevators provide pitch control around the airplane’s lateral axis. The 
elevators are positioned by the pilots’ control columns. The A and B FLT 
CONTROL Switches control hydraulic shutoff valves for the elevators. 


Cables connect the pilots’ control columns to elevator power control units (PCUs) 
which are powered by hydraulic system A and B. The elevators are interconnected 
by a torque tube. With loss of hydraulic system A and B the elevators can be 
mechanically positioned by forward or aft movement of the pilots’ control 
columns. Control forces are higher due to friction and aerodynamic loads. 


Elevator Feel System 


The elevator feel computer provides simulated aerodynamic forces using airspeed 
(from the elevator pitot system) and stabilizer position. Feel is transmitted to the 
control columns by the elevator feel and centering unit. To operate the feel system 
the elevator feel computer uses either hydraulic system A or B pressure, 
whichever is higher. When either hydraulic system or elevator feel pitot system 
fail, excessive differential hydraulic pressure is sensed in the elevator feel 
computer and the FEEL DIFF PRESS light illuminates. 


Mach Trim System 


A Mach trim system provides speed stability at the higher Mach numbers. Mach 
trim is automatically accomplished above Mach .615 by adjusting the elevators 
with respect to the stabilizer as speed increases. The flight control computers use 
Mach information from the flight data computer to compute a Mach trim actuator 
position. The Mach trim actuator repositions the elevator feel and centering unit 
which adjusts the control column neutral position. 
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Pitch Control Schematic 
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Stabilizer 


The horizontal stabilizer is positioned by the main electric trim motor controlled 
through either the stabilizer trim switches on the control wheel or by the autopilot 
trim servo motor. The stabilizer may also be positioned by manually rotating the 
stabilizer trim wheel. 


Stabilizer Trim 


Stabilizer trim switches on each control wheel actuate the electric trim motor 
through the main electric stabilizer trim circuit when the airplane is flown 
manually. With the autopilot engaged, stabilizer trim is accomplished through the 
autopilot stabilizer trim circuit. The main electric and autopilot stabilizer trim 
have two speed modes: high speed with flaps extended, and low speed with flaps 
retracted. If the autopilot is engaged, actuating either pair of stabilizer trim 
switches automatically disengages the autopilot. The stabilizer trim wheels rotate 
whenever electric stabilizer trim is actuated. 


The STAB TRIM MAIN ELEC cutout switch and the STAB TRIM AUTOPILOT 
cutout switch, located on the control stand, are provided to allow the autopilot or 
main electric trim inputs to be disconnected from the stabilizer trim motor. 


Control column actuated stabilizer trim cutout switches stop operation of the main 
electric and autopilot trim when the control column movement opposes trim 
direction. When the STAB TRIM override switch is positioned to OVERRIDE, 
electric trim can be used regardless of control column position. 


Manual stabilizer control is accomplished through cables which allow the pilot to 
position the stabilizer by rotating the stabilizer trim wheels. The stabilizer is held 
in position by two independent brake systems. Manual rotation of the trim wheels 
can be used to override autopilot or main electric trim. The effort required to 
manually rotate the stabilizer trim wheels may be higher under certain flight 
conditions. Grasping the stabilizer trim wheel will stop stabilizer motion. 


Stabilizer Trim Operation with forward or AFT CG 


In the event the stabilizer is trimmed to the end of the electrical trim limits, 
additional trim is available through the use of the manual trim wheels. If manual 
trim is used to position the stabilizer beyond the electrical trim limits, the stabilizer 
trim switches may be used to return the stabilizer to electrical trim limits. 


Stabilizer Position Indication and Green Band 


Stabilizer position is displayed in units on two STAB TRIM indicators located 
inboard of each stabilizer trim wheel. The STAB TRIM indicators also display the 
TAKEOFF green band indication. 
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The trim authority for each mode of trim is limited to: 
¢ Main Electric Trim 
Flaps retracted 2.5 to 12.5 units (—300) 
Flaps retracted 2.8 to 12.5 units (400/500) 
Flaps extended 0.25 to 12.5 units 
¢ Autopilot Trim 0.25 to 14.0 units 
¢ Manual Trim 0 to 17.0 units 
The green band range of the STAB TRIM indicator shows the takeoff trim range. 


An intermittent horn sounds if takeoff is attempted with the stabilizer trim outside 
the takeoff trim range. 


Speed Trim System 


The speed trim system is designed to improve flight characteristics during 
operations with a low gross weight, aft center of gravity, high thrust. It monitors 
inputs of stabilizer position, thrust lever position, airspeed, and vertical speed and 
then trims the stabilizer using the autopilot stabilizer trim. It operates most 
frequently during takeoffs and go—arounds. Conditions for speed trim operation 
are listed below: 


¢ Flaps not up (737-300) ¢ NI above 60% 
¢ Flaps up or down (737—400/500) ¢ Autopilot not engaged 
e Airspeed 100 — 300 KIAS ¢ Sensing of trim requirement 


¢ 10 seconds after takeoff 


¢ 5 seconds following release of 
trim switches 


Yaw Control 


Yaw control is accomplished by a hydraulically powered rudder and a yaw damper 
system. The rudder is controlled by displacing the rudder pedals. The yaw 
damping functions are controlled by the yaw damper rate gyro. 


Rudder 


The rudders provide yaw control around the airplane’s vertical axis. The A and B 
FLT CONTROL switches control hydraulic shutoff valves for the rudder and the 
standby rudder. 
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Each set of rudder pedals is connected by cables to the main and standby rudder 
PCUs through the rudder feel and centering unit. The main rudder PCU is powered 
by hydraulic system A and B while the standby rudder PCU is powered by the 
standby hydraulic system. The standby hydraulic system is provided as a backup 
if system A and/or B pressure is lost. It can be activated manually through the FLT 
CONTROL switches or automatically. (Refer to Chapter 13, Hydraulics, Standby 
Hydraulic System) 


On some airplanes, a rudder pressure reducer is connected to the A system 
hydraulic line upstream of the main rudder PCU. Hydraulic pressure to the rudder 
is reduced when the airplane climbs above 1000 feet AGL. Hydraulic pressure 
returns to normal when the airplane descends through 700 feet AGL, or if B 
hydraulic system depressurizes, or whenever the N1 difference between the left 
and right engines exceeds 45%.) 


Rudder Trim 


The RUDDER trim control, located on the aft electronic panel, electrically 
repositions the rudder feel and centering unit which adjusts the rudder neutral 
position. The rudder pedals are displaced proportionately. The rudder trim 
indicator displays the rudder trim position in units. 


Yaw Damper 


The yaw damper system prevents unwanted (Dutch) roll and provides turn 
coordination. The yaw damper coupler receives inputs from the yaw rate gyro and 
the air data computer. It then provides inputs to the rudder through the main rudder 
PCU. At higher airspeeds the amount of yaw damper rudder deflection decreases. 
No rudder pedal movement results from yaw damper operation. 


The yaw damper uses hydraulic system B pressure only. If hydraulic system B 
pressure is lost the yaw damper system is inoperative but the YAW DAMPER 
switch remains in the ON position until the B FLT CONTROL switch is 
positioned to OFF or STBY RUD. Then the YAW DAMPER switch disengages 
and the amber YAW DAMPER light illuminates and the YAW DAMPER cannot 
be reengaged. 
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Speed Brakes 


The speed brakes consist of flight spoilers and ground spoilers. Hydraulic system 
A powers all six ground spoilers, three on the upper surface of each wing. The 
SPEED BRAKE lever controls the spoilers. When the SPEED BRAKE lever is 
actuated all the spoilers extend when the airplane is on the ground, and only the 
flight spoilers extend when the airplane is in the air. 
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In Flight Operation 


Operating the SPEED BRAKE lever in flight causes all flight spoiler panels to rise 
symmetrically to act as speed brakes. Caution should be exercised when 
deploying flight spoilers during a turn, as they greatly increase roll rate. When the 
speed brakes are in an intermediate position roll rates increase significantly. 
Moving the SPEED BRAKE lever past the FLIGHT detent causes buffeting and 
is not recommended in flight. 


Ground Operation 


During landing, the auto speed brake system operates when these conditions 
occur: 
¢ SPEED BRAKE lever is in the ARMED position 
e SPEED BRAKE ARMED light is illuminated 
¢ both thrust levers are retarded to IDLE 
¢ main landing gear wheels spin—up (more than 60 kts) - SPEED BRAKE 
lever automatically moves to the UP position, and the flight spoilers 
deploy 
¢ right main landing gear strut compresses on touchdown, causing the 
mechanical linkage to open the ground spoiler shutoff valve, and the 
ground spoilers deploy 
If a wheel spin—up signal is not detected, when the air/ground system senses 
ground mode, the SPEED BRAKE lever moves to the UP position, and all spoiler 
panels deploy automatically. 


During a rejected takeoff (RTO), the auto speed brake system operates when these 
conditions occur: 
¢ main landing gear wheels spin—up (more than 60 kts) 
¢ takeoff is rejected, both thrust levers are retarded to IDLE and the reverse 
thrust levers are positioned for reverse thrust - SPEED BRAKE lever 
automatically moves to the UP position and all spoilers deploy. 
After a RTO or landing, if either thrust lever is advanced, the SPEED BRAKE 
lever automatically moves to the DOWN detent and all spoiler panels retract. The 
spoiler panels may also be retracted by manually moving the SPEED BRAKE 
lever to the DOWN detent. 


The SPEED BRAKE caution light flashes continuously if the Speed Brake Lever 
is aft of the ARMED position, the air/ground sensor is in the air position, and the 
flaps are extended beyond position 10. 
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Flaps and Slats 


The flaps and slats are high lift devices that increase wing lift and decrease stall 
speed during takeoff, low speed maneuvering and landing. 


LE devices consist of four flaps and six slats: two flaps inboard and three slats 
outboard of each engine. Slats extend to form a sealed or slotted leading edge 
depending on the TE flap setting. The TE devices consist of triple slotted flaps 
inboard and outboard of each engine. 


TE flap positions 1-15 provide increased lift; positions 15—40 provide increased 
lift and drag. Flap positions 15, 30 and 40 are normal landing flap positions. 
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To prevent excessive structural loads from increased Mach at higher altitude, flap 
extension above 20,000 feet should not be attempted. 


Flap and Slat Sequencing 


LE devices and TE flaps are normally extended and retracted by hydraulic power 
from system B. When the FLAP lever is in the UP detent, all flaps and LE devices 
are commanded to the retracted or up position. Moving the FLAP lever aft allows 
selection of flap detent positions 1, 2, 5, 10, 15, 25, 30 or 40. The LE devices 
deployment is sequenced as a function of TE flaps deployment. 


When the FLAP lever is moved from the UP position to the 1, 2, or 5 position, the 
TE flaps extend to the commanded position and the LE: 

e flaps extend to the full extended position, and 

e slats extend to the extend position. 
When the FLAP lever is moved beyond the 5 position the TE flaps extend to the 
commanded position and the LE: 

¢ flaps remain at the full extended position, and 

e slats extend to the full extended position. 
The LE devices sequence is reversed upon retraction. 


Mechanical gates hinder inadvertent FLAP lever movement beyond flaps 1 for 
one engine inoperative go—around, and flaps 15 for normal go—around. 


Indicator lights on the center instrument panel provide overall LE devices position 
status. The LE DEVICES annunciator on the aft overhead panel indicates the 
positions of the individual flaps and slats. 


Flap Load Relief 


A flap load limiter provides a TE flap load relief function which protects the flaps 
from excessive air loads. This function is operative at the flaps 40 position only. 
The FLAP lever does not move, but the flap position indicator displays flap 
retraction and re-extension and the FLAP LOAD RELIEF light illuminates. 
When the flaps are set at 40 the TE flaps: 

¢ retract to 30 if airspeed exceeds 158 knots (-300/500) 

¢ re—-extend when airspeed is reduced to 153 knots. 

¢ retract to 30 if airspeed exceeds 162 knots (-400) 

¢ re—extend when airspeed is reduced to 157 knots. 


Autoslats 


At flap positions 1, 2 and 5 an autoslat function is available that moves the LE slats 
to FULL EXTEND if the airplane approaches a stall condition. 
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The autoslat system is designed to enhance airplane stall characteristics at high 
angles of attack during takeoff or approach to landing. When TE flaps 1 through 
5 are selected, the LE slats are in the extend position. As the airplane approaches 
the stall angle, the slats automatically drive to the full extended position, prior to 
stick shaker activation. The slats return to the extend position when the pitch angle 
is sufficiently reduced below the stall critical attitude. 


Autoslat operation is normally powered by hydraulic system B. An alternate 
source of power is provided by system A through a power transfer unit (PTU) if a 
loss of pressure is sensed from the higher volume system B engine driven pump. 
The PTU provides system A pressure to power a hydraulic motorized pump, 
pressurizing system B fluid to provide power for the autoslat operation. (Refer to 
Chapter 13, Hydraulics, Power Transfer Unit) 


Alternate Extension 


In the event that hydraulic system B fails, an alternate method of extending the LE 
devices, and extending and retracting the TE flaps is provided. 


The TE flaps can be operated electrically through the use of two alternate flap 
switches. The guarded ALTERNATE FLAPS master switch closes a flap bypass 
valve to prevent hydraulic lock of the flap drive unit and arms the ALTERNATE 
FLAPS position switch. The ALTERNATE FLAPS position switch controls an 
electric motor that extends or retracts the TE flaps. The switch must be held in the 
DOWN position until the flaps reach the desired position. No asymmetry 
protection is provided through the alternate (electrical) flap drive system. 


Note: The LE devices cannot be retracted by the standby hydraulic system. 


When using alternate flap extension the LE flaps and slats are driven to the full 
extended position using power from the standby hydraulic system. In this case the 
ALTERNATE FLAPS master switch energizes the standby pump, and the 
ALTERNATE FLAPS position switch, held in the down position momentarily, 
fully extends the LE devices. 
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Trailing Edge Flap Asymmetry 


When a trailing edge asymmetry develops, a comparator switch closes the TE flap 
bypass valve, removing hydraulic power from the flap drive unit. The flap position 
will be displayed as a needle split on the flap position indicator. 


Leading Edge Device Improper Position 


When a leading edge device is in an improper position the LE FLAPS TRANSIT 
light remains illuminated and one of the following indications is displayed on the 
LE Devices Annunciator Panel: 


¢ amber TRANSIT light illuminated 
¢ incorrect green EXT or FULL EXT light illuminated 
¢ no light illuminated. 
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Conventional Flight Instruments 
Mach/Airspeed Indicator 


[jt Warning FI ags 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


@p Airspeed Cursor Mode Annunciator 
¢ auto mode: out of view. 
¢ manual mode: in view. 


@— Vmo Pointer 


Indicates the maximum operating (indicated) airspeed in knots. 


ED Vmo Flag 


In view — 
¢ indicates the Vmo pointer is inoperative. 


@® Airspeed Pointer 


Indicates airspeed in knots. 
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@&p Airspeed Cursor Control 


¢ push in — 
* auto mode 
* airspeed cursor is position from the AFDS FCC 
¢ pull out — 
¢ manual mode 
* airspeed cursor is positioned by rotating the control. 


@®p Airspeed Cursor 
¢ indicates target airspeed 


* positioned manually or automatically, as selected by the airspeed cursor 
control. 


Airspeed Markers 


Positioned manually to the desired airspeed reference. 


€— Mach Digital Counter 
e shows Mach number, from .40 to .99 Mach, in digital form 
¢ masked below .40 Mach 
e digits are covered by a warning flag when the display is unreliable. 


@&® Airspeed Cursor Flag 
¢ manual mode: retracted 


¢ auto mode: in view if airspeed cursor signals, as determined by the AFDS 
FCC, are unreliable. 


@p Airspeed Digital Counter 
¢ digital display of indicated airspeed in knots 


¢ warning flag covers the counter when the airspeed pointer and airspeed 
digital counter are unreliable. 
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Altimeter 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


Digital Counter 


Indicates current altitude in increments of thousands, hundreds and twenty feet. 


* warning flag appears whenever the ADC signal is lost or a malfunction 
exists 


¢ green flag appears in the left window when the altitude is below 10,000 
feet 


¢ a NEG flag appears in the two left-hand windows when altitude below 
zero feet is displayed. 
@® Altitude Pointer 


Makes one revolution each one thousand feet. 


ep Barometric Setting Control 


Rotate — 
¢ adjusts barometric settings. 


@@p Barometric Setting Window 


Displays barometric correction (in millibars and inches of mercury) as set by the 
barometric setting control. 


@&p Reference Altitude Marker 


Manually positioned to the desired reference altitude using the reference altitude 
marker control. 
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@® Reference Altitude Marker Control 


Used to manually set the reference altitude marker. 


Marker Beacon 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


CAPTAIN’S INSTRUMENT PANEL 


Marker Beacon Lights 
AIRWAYS (white) — illuminates over an inner or airways marker beacon. 
MIDDLE (amber) — illuminates over a middle marker beacon. 


OUTER (blue) — illuminates over an outer marker beacon. 


@® Marker Beacon Switch 
HIGH - selects high sensitivity of receiver. 


LOW - selects low sensitivity of receiver. 
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Radio Distance Magnetic Indicator 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


Heading Warning Flag 
In view — 


¢ selected compass signal is invalid 
¢ RDMI power failure. 


@® DME Indicator 


Indicates DME distance from selected DME station in nautical miles (300 nautical 
miles maximum). 
Warning Flags 
e [- 
¢ electrical power lost 
¢ invalid DME receiver. 
2 2- 
¢ DME receiver powered but not receiving a DME station 
¢ agility tuning in progress. 


ep Bearing Pointer Warning Flag 
In view — 
VOR mode: 


¢ RDMI power failure 
¢ VHF NAV signal unreliable 


ADF mode — RDMI power failure 
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@®p Bearing Pointers 


e Narrow pointer uses signals from the VHF NAV receiver No. | or ADF 
receiver No. 1. 


¢ wide pointer uses signals from the VHF NAV receiver No. 2 or ADF 
receiver No. 2. 


q@p VOR/ADF Bearing Pointer Switch 
Push — selects related VOR or ADF for the bearing pointer. 
Vertical Speed Indicator 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


Vertical Speed Pointer 
¢ depicts rate of climb or descent from 0 to 6,000 feet per minute 
¢ indicates zero when IRS vertical speed is unreliable. 


q@p OFF Flag 
In view — 
¢ respective VSI and/or ADC has failed 
e selected IRS vertical speed data are unreliable. 


BE 


CENTER INSTRUMENT PANEL 


Air Temperature 
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Digital Display 
Displays TAT (deg C) indications in digital form. 
Clock 


‘bay MDL YEAR’ \ 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


Chronograph (CHR) Control 
Push — Controls the start, stop and reset functions of the CHR display and second 
hand with successive pushing 

* overrides any existing ET display. 


@® Time/Date Window 


¢ displays time (hours, minutes) when time is selected with the time/date 
selector 

alternately displays day—month and year when date is selected with the 
time/date selector. 


p— Chronograph Second Hand 
¢ indicates chronograph seconds 
* controlled by the CHR control. 


@@p Elapsed Time (ET) Selector (three position, rotary) 
Controls the elapsed time function. 

RESET - returns ET display to zero (spring loaded to HLD). 
HLD (hold) — stops the elapsed time display. 

RUN - starts the elapsed time display. 
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@&p Date Control 
Push — displays date (day, month) alternating with year 


Push — returns display to time. 


@p Elapsed Time (ET)/Chronograph Window 
e displays elapsed time (hours, minutes) or chronograph minutes 
¢ the chronograph display replaces the elapsed time display 


¢ elapsed time continues to run in the background and displays after the 
chronograph is reset. 


Time Control (four position, rotary) 
Sets the time and date when the time/date selector is set to manual 
FS D (fast slew, day) — 
¢ advances hours when time is selected with the time/date selector 
¢ advances days when date is selected with the time/date selector 
SS M (slow slew, month) — 
¢ advances minutes when time is selected with the time/date selector 
¢ advances months when date is selected with the time/date selector 
HLD Y (hold, year) — 


¢ stops the time indicator and sets the seconds to zero when time is selected 
with the time/date selector 


¢ advances years when date is selected with the time/date selector 


RUN - starts the time indicator. 
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Standby Flight Instruments 
Standby Horizon 


CENTER INSTRUMENT PANEL 


Bank Indicator and Scale 
Scale marks are at 0, 10, 20, 30, 45 and 60 degrees. 


@&® Glideslope Flag 


In view — glideslope receiver has failed. 


@p Horizon Line and Pitch Angle Scale 


Pitch scale is in 5 degree increments. 


ap LOC Flag 


In view — Localizer receiver has failed. 


@&p Approach Mode Selector 
OFF -— glideslope and localizer pointers retracted from view. 


ILS — glideslope and localizer pointers in view; ILS signals provided by the No. 1 
ILS receiver. 


B/CRS -— reverses sensing for localizer pointer during back course approaches; 
glideslope pointer not displayed. 
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Gp GYRO Flag 


In view — 
¢ attitude is unreliable 
* power has been lost. 


Glideslope Pointer and Deviation Scale 
* pointer indicates glideslope position 
* pointer is not displayed when 
¢ approach selector is off 
* no computed data exists 
¢ glideslope receiver has failed 
¢ scale indicates deviation. 


€® Localizer Pointer and Deviation Scale 
* pointer indicates localizer position 
* pointer is not displayed when 
* approach selector is off 
* no computed data exists 
¢ localizer receiver has failed 
¢ scale indicates deviation. 


@® Airplane Symbol 


Gp Caging Control 
Pull — provides fast erection (caging) of the gyro. 


Release — control retracts. 
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Standby Altimeter/Airspeed Indicator 


CENTER INSTRUMENT PANEL 


Standby Altimeter 


Indicates current altitude in feet. 


@® Digital Counter 
Indicates thousands of feet 


¢ a green flag appears in the left window when altitude is less than 10,000 
feet 


¢ a striped flag appears in the left window when altitude is less than zero 
feet. 
ep Barometric Setting Control 


Rotate — 
¢ adjusts the barometric correction in both barometric windows. 


@® Altitude Pointer 


Indicates hundreds of feet. 


@p Barometric Setting Windows 


Displays barometric correction in millibars and inches of mercury as set by the 
barometric setting control. 
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@p Standby Airspeed Indicator 


Indicates current airspeed in knots. 


Standby Magnetic Compass 


CENTERPOST ABOVE GLARESHIELD 


Standby Magnetic Compass 
Displays magnetic heading. 


@p Standby Magnetic Compass Correction Card 


Provides appropriate heading corrections. 


Flight Recorder 


FLI GHT RECORDER 


AFT OVERHEAD PANEL 
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Flight Recorder Test Switch 


NORMAL (guarded position) — 
e in flight — the recorder operates anytime electrical power is available 
¢ on the ground — either engine must also be operating. 


TEST — bypasses the engine oil pressure switches and the air ground switch to 
power the flight recorder on the ground. 


@® OFF Light 


Illuminated (amber) — indicates the recorder is not operating or the test is invalid. 
May indicate power failure, loss of input data, or electronic malfunction. 


Aircraft Condition Monitoring System (ACMS) 


Interactive Display Unit and Printer 


2 
. 6) 
3 7 
8 
4 
5 9 


[> As installed 


FORWARD ELECTRONIC PANEL 
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AFT ELECTRONIC PANEL 


Interactive Display Unit (IDU) 


Push — marks specific occurrence for future reference. 


@—® Cursor (typical) 


Moves right as each character is entered. 


<p Alpha Pad 


Touch — individual characters are entered in data display. 


@B MENU Cue 


Touch — displays previous menu. 


@&p Advisory Space 


Advisory may be displayed as flashing, reverse, or normal video. 


@®p Data Display 
Data appears here as entered. 
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Numerical Pad 


Touch — individual characters are entered in data display. 


€&®p Enter (ENT) Cue 


Touch — enters data and turns page if entering final data. 


@&p Clear (CLR) Cue 


Touch — blanks character under cursor and to its right. 
@yp ACMS Printer 


Paper Advance (PPR ADV) Switch 


Push — advances printer paper as long as switch is held down. 


@® SELF TEST Switch 


Push — produces a test pattern as long as switch is depressed. 


@= Printer Busy (PTR BUSY) Light 


Illuminated (amber) — printer is processing message text. 


GZD ALERT RESET Switch 


Push — resets aural/visual printer alert. 


Power On (PWR ON) Light 


Illuminated (green) — power is applied to printer. 
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Flight Instruments, Displays Chapter 10 


System Description Section 20 


Introduction 


The flight instruments provide information to aid the pilots in controlling the 
airplane throughout its flight regime. The electric flight instruments receive input 
from one of the two air data computers. The pneumatic flight instruments receive 
input directly from the pitot—static system. 


Air Data System 


The air data system consists of the pitot—static system and the air data computers. 
The system provides pitot and/or static pressure information to various flight 
instruments and airplane systems. The pressure information is provided in one of 
two ways; either directly from the pitot—static system, or indirectly from an air 
data computer. 


Pitot Static System 


The pitot-static (P/S) system provides pitot and static pressure inputs to 
pressure—sensing instruments and systems which have functions that vary with 
altitude and/or airspeed. 


There are four primary P/S systems; the Captain’s, the First Officer’s, No. 1 
auxiliary, and No. 2 auxiliary. The pilots’ systems are used by the flight 
instruments and air data computers. The auxiliary systems are used by various 
airplane systems. 

The alternate static system provides static pressure inputs to the standby airspeed 
indicator/standby altimeter. 

Pressure inputs to the primary P/S systems are provided by four combination pitot 
and static probes located the forward fuselage. Each probe provides one pitot and 
two static inputs. The alternate static ports are located on each side of the fuselage. 
All static systems are cross—connected for dynamic balance. 


A separate pitot system with probes mounted on the vertical stabilizer is provided 
for the elevator feel system. 


A blocked or frozen pitot and/or static system may affect the following primary 
airplane system 

« FMC 

¢ autothrottle 

¢ Mach/airspeed indicator 

¢ Vmo/Mmo warning 

¢ altimeter 
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¢ vertical speed indicator 

e IRS 

* true airspeed 

¢ static air temperature 

¢ flap load relief system 

¢ elevator feel system 

e flight control computers 

¢ ground proximity warning system 
¢ altitude alert 

¢ cabin pressure 

¢ flight recorder 

¢ transponder altitude reporting 
¢ stall warning computers 

e TAT 

¢ yaw damper 

¢ Mach trim 

¢ symbol generator 


Air Data Computers 


Two air data computers (ADCs) are installed. Each ADC receives pitot and static 
pressure inputs from the respective pilot’s P/S system. The ADCs convert these 
pressure inputs to electrical signals which are used to operate various flight 
instruments and airplane systems. The ADC computers are powered whenever the 
AC busses are powered. 
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Pitot—Static System Schematic 


ELECTR C 
ALTI METER} 


AIG DIIG 


x= 


Al R DATA 


COVPUTER NO. 1 


REX KMS 


XXXXKKS 


y= 


ESA RSSSSESSSSSSSSSSSSY 


22222222 


— NO. 1 AUX STATIC 

NO 2 AUX x 

PI TOT ‘ 
s 


x= 


COO OG: 


XXXX 


aa aera aera arararararararas | | 


~Z—¢Z 2222222 2 


= Pl TOT 
Zzzzzz777z_~CAPT & F/O STATIC 
Zz _~'NO. 1 & NO 2 AUX STATIC 
XXXXXXXxX ALTERNATE STATIC 


CCCP L IGGL IIIA LILIA LILI ILII LG: 


% 


Al R DATA 
COMPUTER NO. 2 


N 


ZZZ47) 


; 
HY 
4 


IZ77ZZZ ZIP LLL 


[2727277277 27722 


NO. 2 AUX STATIC 


NO. 1 AUX 
PI TOT 


4 
4 
4 
4 
4 
4 
4 
4 
4 


TSS SSS 


eorereeer ePID I 


Z— 227222222222, 


PRESSURI ZATI ON 
CONTROL 


CABIN ALTI METER 
AND 
DI FFERENTI AL PRESSURE 


(ca SSS 
N N 


PILL LILI II LILI I IID LDL ILI DLI III ILIV ILI II ILIV ILI IVI GLI DVDI III VILLI LID DI IGS 


ALTERNATE STATIC 


Copyright © The Boeing Company. See title page for details. 


June 08, 2001 


D6-27370-400E-TBCE 


10.20.3 


Flight Instruments, Displays - 


System Description QSOEING 


737 Operations Manual 


Total Air Temperature 


One aspirated TAT probe is installed. It provides independent temperature data to 
each ADC. Total air temperature data derived from ADC No.1 is used by the left 
IRS, the FMC, autothrottle, FCC “A” and the air temperature indicator. Total air 
temperature derived data from ADC No. 2 is used by the right IRS, the FMC, 
autothrottle and FCC “B.” 


(IIS 


ASPI RATED TAT PROBE 


LEFT FORWARD FUSELAGE 
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The inflight TAT indication is comprised of outside air temperature (OAT) plus all 
of the ram rise. On the ground, with an air conditioning pack switched to AUTO 
or HIGH, the TAT indication is approximately OAT. In flight, the following table 
is used to convert indicated TAT to true OAT. 


Lome ae [oe wer 


RUE OUTSIDE AIR TEMPERATURE - DEGREES C 
aaa saya apy 
a 

He CD 


NOTE: Probe Recovery Factor is 100% 


Static Air Temperature 


Static air temperature, displayed on the CDU PROGRESS page, is derived from 
the TAT by ADC No. 1. 


Angle—of—Attack 


There are two angle—of—attack sensors, one located on each side of the forward 
fuselage. The vanes measure airplane angle—of-—attack relative to the air mass. 
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Primary Flight Instruments 


Mach/Airspeed Indicators 


Two electric Mach/airspeed indicators display indicated airspeed, Mach, and Vmo 
derived from the respective air data computer. 


The airspeed cursor on each pilot’s indicator can be automatically positioned 
through the related flight control computer (FCC) using inputs from the flight 
management computer (FMC) or from the speed selector on the AFDS mode 
control panel. Each airspeed cursor can also be manually positioned. 


Altimeters 

Two electric altimeters indicate current altitude in feet, derived from the 
respective air data computer. The altimeters have a range of —1,000 to 50,000 feet. 
Vertical Speed Indicators 


Two inertial vertical speed indicators display instantaneous vertical speed derived 
from the respective inertial reference system. 


Clocks 


Two electronic clocks are installed, with two digital displays on each clock. Either 
coordinated universal time (UTC) or local time may be set on the upper time 
display. The lower ET/CHR display is used for either elapsed time or the 
chronograph. Separate controls are provided for each display. 


Standby Flight Instruments 


Standby Horizon Indicator 


The standby horizon indicator provides attitude information that is independent of 
the primary attitude displays. The indicator is powered by the battery bus and 
remains powered after the loss of all normal AC power as long as battery power 
is available. The gyro reaches operational speed approximately 60 seconds after 
power is applied. The indicator requires three minutes to achieve accuracy 
requirements. 


Standby Altimeter/Airspeed Indicator 


Standby altitude and airspeed are displayed on a single indicator. 


The standby altimeter indicates current altitude in feet. It receives static pressure 
from the alternate static ports. The altimeter has a range of —1,000 to 50,000 feet. 
The standby airspeed indicator provides current airspeed in knots. It receives ram 
pressure from the No. 2 auxiliary pitot probe and static pressure from the alternate 
static ports. 
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Standby Magnetic Compass 


A standard liquid-damped magnetic standby compass is provided. A card located 
near the compass provides heading correction factors. 


Flight Recorder 


The flight recorder provides a permanent record on tape of selected operational 
and systems information such as altitude, heading, acceleration, and airspeed. The 
recorder is housed in a sealed, fire-resistant container located behind an access 
door in the aft cabin ceiling. 


Operational and systems information is automatically recorded whenever the 
flight recorder is powered. On the ground, the recorder begins operating as the low 
oil pressure switch closes during either engine start. Oil pressure switches are 
bypassed in the air, and the flight recorder is powered even with both engines shut 
down as long as electrical power is available. 


Aircraft Condition Monitoring System (ACMS) 


The ACMS consists of a digital flight data recorder (DFDR), accelerometer, 
airborne printer, control display unit (CDU), and digital flight data acquisition unit 
(DFDAU). 


The DFDAU receives signals representing certain flight conditions and airplane 
systems’ operating performance and converts them to a digital form for recording 
on the DFDR. 


The DFDR records airplane system and flight data on a continuous loop of 
magnetic tape. The tape is of sufficient length to record the last 25 hours of 
operation. The DFDR is located in the aft fuselage area. 


The CDU contains the controls and indicators for operation of the ACMS. 


The printer allows data to be printed as required. 
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Electronic Flight Instrument System (EFIS) Section 30 


Introduction 


The electronic flight instrument system (EFIS) presents a dynamic color display 
of the parameters necessary for flight path control. The displays provide the 
following information: 

Primary flight instruments are electronically displayed on the Captain’s and First 
Officer’s panels. They consist of an Electronic Attitude Director Indicator (EADI) 
and an Electronic Horizontal Situation Indicator (EHSI). 


INSTRUMENT PANEL 
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EFIS Control Panel 


The left EFIS control panel controls the Captain’s EADI and EHSI. The right EFIS 
control panel controls the First Officer’s EADI and EHSI. 


1 11 
2 8 
9 
3 
4 
10 


[=> As installed 


AFT ELECTRONIC PANEL 


Decision Height Reference Indicator 
¢ displays selected decision height 
e display on EADI blanks when a negative decision height is selected. 


@® Decision Height Selector 


Rotate - selects decision height for DH alerting. 
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ep Decision Height Reset Switch 
Push — 
e resets DH alert on related EADI 


¢ changes RA display from yellow to white 
¢ blanks radio height alert on related EADI. 


@p EADI Brightness Control 
Rotate — adjusts brightness of EADI display. 


q@p EHSI Brightness (outer) 
Rotate — adjusts brightness of EHSI display. 


@p EHSI Brightness (inner) 


Rotate — adjusts brightness of weather radar display. 


EHSI Mode Selector 


(see following pages) 


ep EHSI Range Selector 


Flight Instruments, Displays - 
Electronic Flight Instrument 
System (EFIS) 


Rotate — Selects nautical mile range for MAP, CTR MAP, PLAN, and weather 


radar displays. 


Gp Weather Radar Switch 


Push — displays weather radar information (refer to Chapter 11, Flight 


Management, Navigation) 


Gp Map Switches 
Push — 
¢ selects detailed information displays 
e displays can be selected simultaneously 
e illuminated white when selected 
¢ second push removes the information. 


VOR/ADE - Displays VOR and/or ADF relative bearing radials if VOR/ADF 
receivers are tuned to usable stations and valid data is being received. 


Navigation Aids (NAV AID) — 


¢ displays FMC data base high altitude navigation aids on map scales 80, 


160, or 320 NM 


¢ displays all FMC data base navigation aids if on map scales 10, 20, or 40 


NM. 
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Airports (ARPT) — displays all airports stored in FMC data base which are within 
viewable map area of EHSI. 


Route Data (RTE DATA) — displays altitude constraint (if applicable) and ETA for 
each active route waypoint. 


Waypoints (WPT) — displays waypoints in FMC data base not in flight plan route 
if selected range is 40 NM or less. 


Traffic (TFC) Switch 
¢ displays or removes TCAS information on EHSI 
e« removes TCAS FAIL message, if displayed. 


Electronic Flight Instrument Displays 


INSTRUMENT PANEL 
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Electronic Attitude Director Indicator (EADI) Display 
Bs 
2 FMC SPD ieee LNAV | CMD 7 
VY 
3 8 
9 
C4 uu 
macs 11 
5 = 765)347 6 0 1 “OMS 
7 oe 12 
13 
14 
16 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


Flight Mode Annunciations 
(See Automatic Flight, Chapter 4). 


@p Bank Indicator and Scale (white) 


Provides fixed reference for the bank pointer; scale marks are at 0, 10, 20, 30, 45, 
and 60 degrees. 


ep Airplane Symbol (black with white outline) 


Indicates airplane attitude relative to the horizon. 
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@® Horizon Line and Pitch Scale (white) 


@p Current Mach (white) 
¢ displayed when Mach increases above.40 Mach 
¢ display blanked when Mach decreases below .38 Mach. 


Gp Groundspeed (GS) (white) 
Displays FMC/IRS groundspeed in knots. 


Pitch Limit Indicator (yellow) 


Indicates pitch attitude corresponding to stick shaker activation. 


ep Flight Director Command Bars (magenta) 


¢ displayed when related FD switch is ON and valid command steering is 
available, or during automatic operation of the FD 


¢ blanked when the respective FD switch is OFF or command steering 
becomes invalid. 


@P Glide Slope Pointer and Deviation Scale (magenta/white) 
* pointer indicates glide slope position 
¢ scale indicates deviation 


* pointer not displayed when glide slope unusable or when track and front 
course on the MCP differ by more than 90° (back course). 


@p Decision Height (green) 


¢ displays selected decision height as set on the EFIS control panel when 
radio altitude is above 1,000 feet AGL 


¢ blank when negative DH selected. 


Radio Altitude (white) 
¢ displays radio altitude below 2500 feet AGL 
¢ blanked above 2500 feet AGL 
e changes color from white to yellow when below selected DH on descent 
e changes back to white: 
¢ when passing selected DH plus 75 feet during go-around 
¢ after touchdown 
¢ after pressing RST switch on EFIS control panel. 


@ Rising Runway (green) 
e displayed when localizer pointer is in view and radio altitude is valid 
* rises towards airplane symbol when radio altitude is below 200 feet AGL. 
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@&— Localizer Pointer and Deviation Scale (magenta/white) 


pointer indicates localizer position 
scale indicates deviation 


when LOC is engaged and deviation is slightly more than one half dot, 
scale expands (not shown) 


pointer blanked when ILS LOC signal is too weak to be usable. 


at low radio altitudes, with autopilot engaged, scale turns yellow and 
pointer flashes to indicate excessive localizer deviation. 


GD Speed Tape 
(See following pages). 


Slip Indicator 


Indicates slip or skid during turns. 


@® Radio Height Alert (white) 


displayed during a descent when radio altitude decreases to 2,500 feet 
AGL 
display is turned off when: 
¢ airplane descends below 500 feet AGL 
¢ airplane climbs above 2,500 feet AGL prior to descending to 500 feet 
¢ when reset (RST) button on EFIS control panel is pushed. 
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EADI TCAS Display 


Airplanes wth TCAS 


TCAS RA Pitch Command (red) 
¢ down advisory 
e displayed during RA condition 
¢ indicates pitch attitude to be avoided for traffic separation. 


@p TCAS RA Pitch Command (red) 
* up advisory 
¢ displayed during RA condition 
e indicates pitch attitude to be avoided for traffic separation. 
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EADI Speed Tape 


CAPTAIN’S EADI 
FIRST OFFICER’S EADI 


V1 (Decision Speed) (green) 
¢ displayed after manual entry on the FMC/CDU TAKEOFF REF page 
e displayed in this location during initial takeoff roll when V1 is beyond the 


displayed range. 
@p FMC/MCP Command Speed (magenta) 


Displayed in this location when the FMC/MCP command speed is in the displayed 
range. 


ep Vr (Rotation Speed) (green) 
Displayed after manual entry on the FMC/CDU TAKEOFF REF page. 


@@D V1 (Decision Speed) (green) 


This symbol replaces digital V1 display (upper right corner of the speed tape when 
the V1 speed is within the displayed range. 


@&p Speed Tape Scale (white) 
¢ scrolls up or down in response to ADC calibrated airspeed 
¢ range is 45 to 420 knots. 
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Gap FMC/MCP Command Speed (magenta) 


Displayed in this location when the FMC/MCP command speed is above 
displayed range. 


Minimum Flap Retraction Speed (green) 
Displayed on speed tape during takeoff or go—around. 


€p Minimum Maneuver Speed (yellow) 


Top of hollow yellow bar indicates minimum maneuver speed. 


@® Stick Shaker Speed (red and black) 


Top of barber pole indicates speed at which stick shaker is activated. 


@p Flaps Up Maneuvering Speed (green) 
Displayed when flaps are up. 


Rolling Digits Display (white) 
¢ indicates current airspeed 
¢ position is fixed relative to ADI display. 
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@® Airspeed Trend Arrow (green) 


Tip of arrow depicts predicted airspeed within the next 10 seconds based on 
present airspeed and acceleration. 


Ep FMC/MCP Command Speed (magenta) 


Displayed in this location when the FMC/MCP command speed is below 
displayed range. 


@Zp Max Operating Speed (red and black) 


Indicates Vmo/Mmo. 


High Speed Buffet Limit 


Bottom of yellow bar indicates speed that provides .3G maneuver margin to high 
speed buffet at high altitudes. 


@s®p Placard Speed (red and black) 


Indicates gear extended placard speed or flap extended placard speed for selected 
flap position, as applicable. 


Next Flap Position Placard Speed (yellow) 


Bottom of hollow yellow bar indicates the flap extended placard speed for the next 
normal flap position. 


Gp Vref Speed (green) 


Indicates the Vref speed for the landing flap configuration as selected on the 
FMC/CDU APPROACH REF page. 
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EADI System Failure Flags and Annunciations 


8 
1 

9 
2 i) 

11 
3 

12 
4 13 
5 14 
6 15 
7 


Selected Speed Annunciation (yellow) 


Command speed symbol and displays inoperative. 


@p V1 Inoperative Annunciation (yellow) 
V1 display inoperative. 


ep Speed Flag (yellow) 
Speed tape display inoperative. 


@® Speed Limit Annunciation (yellow) 
Displays related to stick shaker and Maximum Operating Speeds failed. 


@p Mach Flag (yellow) 
Mach number display failed. 


@p Pitch Comparator Annunciation (yellow) 
Captain’s and F/O’s pitch angle displays differ by more than 3 degrees. 


Localizer Flag (yellow) 
Localizer deviation display on EADI failed. 
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&@p Attitude Flag (yellow) 
Attitude display failed. 


ep Flight Director Flag (yellow) 


Pitch and/or roll flight director commands failed. 


@p Symbol Generator Fail Annunciation (yellow) 


Selected symbol generator failed. 


Windshear Warning Annunciation (red) 


Ground proximity computer has detected a windshear condition. 


@® Roll Comparator Annunciation (yellow) 
Captain’s and F/O’s bank angle displays differ by more than 3 degrees. 


@&— Decision Height Flag (yellow) 
Selected decision height display failed. 


@® Radio Altitude Flag (yellow) 
Radio altitude display failed. 


Pitch and Roll Comparator Function Flag (yellow) 


Comparator function failed. 
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EHSI Displays 


INSTRUMENT PANEL 


Note: A detailed explanation of the navigation symbology immediately follows 
this section. 
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Distance to Next Active Waypoint 
q@p® Current Track 

ep Heading Pointer 

@D Weather Radar Returns 

@&p Weather Range Arcs 

Gp Wind Direction and Speed 
Estimated Time of Arrival at Next Active Waypoint 
DP Weather Radar Annunciations 

GD Magnetic/True Reference 

Gp Selected Heading Bug 

Active LNAV Route 

@) Position Trend Vector 

GED Vertical Deviation Scale and Pointer 
@® Position Difference Display 


Airplane Symbol 
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Expanded Navigation Mode (As Installed) 
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Current Track 

@® Distance to Next Active Waypoint 

@p Active Waypoint Name 

@® Selected Heading Bug 

@&p Heading Pointer 

GD Weather Radar Returns 

Lateral Deviation Indicator and Deviation Scale 
€®P Wind Direction and Speed 

DD Nav Data Source 

Gp Magnetic/True Reference 

Estimated Time of Arrival at Next Active Waypoint 
GP Weather Radar Annunciations 

GED Waypoint Bearing Pointer 

GZ Weather Range Arcs 

Vertical Deviation Scale and Pointer 

@® Position Difference Display 


Airplane Symbol 
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Full Rose Navigation Mode (As Installed) 
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Distance to Next Active Waypoint 
@® Active Waypoint Name 

@&p Current Track 

@® Selected Heading Bug 

@&p Lateral Deviation Indication and Scale 
Gp Wind Direction and Speed 

Nav Data Source 

<p Estimated Time of Arrival at Next Active Waypoint 
GD Magnetic/True Reference 

@p Heading Pointer 

Waypoint Bearing Pointer 

@®® Airplane Symbol 

GED Vertical Deviation Scale and Pointer 


@® Position Difference Display 
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Expanded VOR Mode 
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@® Reference VOR DME 

Gp Selected Heading Bug 

@D Weather Radar Returns 

@&p Lateral Deviation Indication and Scale 
@®p Wind Direction and Speed 
Reference VOR Receiver 

GD Magnetic/True Reference 
Dp Weather Radar Annunciations 
@p Weather Range Arcs 

Selected Course Pointer 

@ TO/FROM Indication 

GED Reference VOR Frequency 


@®— Airplane Symbol 


Flight Instruments, Displays - 
Electronic Flight Instrument 
System 
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@® Current Heading 

Gp Selected Heading Bug 
@® Lateral Deviation Indication and Scale 
@p TO/FROM Indication 
Gp Wind Direction and Speed 
Reference VOR Receiver 
GD Magnetic/True Reference 
@p Drift Angle Pointer 

@p Selected Course Pointer 
Airplane Symbol 

@ TO/FROM Indication 


GED Reference VOR Frequency 


Flight Instruments, Displays - 
Electronic Flight Instrument 
System 
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Expanded ILS Mode 
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Current Heading 


@® Reference ILS DME 

Gp Selected Heading Bug 

@D Weather Radar Returns 

@&p Localizer Deviation Indication and Scale 
@p Wind Direction and Speed 
Reference ILS Receiver 

GD Magnetic/True Reference 
@p Weather Radar Annunciations 
@p Weather Range Arcs 

Selected Course Pointer 

@> Glideslope Pointer and Scale 
GED Reference ILS Frequency 


@®— Airplane Symbol 


Flight Instruments, Displays - 
Electronic Flight Instrument 
System 
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Full Rose ILS Mode 


C1 
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@® Current Heading 

Gp Selected Heading Bug 

@®p Lateral Deviation Indication and Scale 
@&p Wind Direction and Speed 

@® Reference ILS Receiver 
Magnetic/True Reference 

@p Drift Angle Pointer 

@&p Selected Course Pointer 

Gp Glideslope Pointer and Scale 

Airplane Symbol 


@D Reference ILS Frequency 


Flight Instruments, Displays - 
Electronic Flight Instrument 
System 
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Plan Mode 


Distance to Next Active Waypoint 

q@® Current Track 

ep Heading Pointer 

PD Magnetic/True Reference 

@&p Estimated Time of Arrival at Next Active Waypoint 
@@ Selected Heading Bug 

Airport and Runway 

€®— Active Route 


@&®p True North Pointer 
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EHSI Symbology 


The following symbols can be displayed, depending on EFIS control panel switch 
selections. Colors indicate the following: 

e W (white) — present status, range scales 

¢ G (green) — active or selected mode and/or dynamic conditions 


¢ M (magenta/pink) — command information, pointers, symbols, fly—to 
condition, weather radar turbulence 


¢ C (cyan/blue) — nonactive or background information 
e A (amber) — cautions, faults, flags 

e R (red) — warnings 

¢ B (black) — blank area, off condition. 


Heading, Track, and Wind 


Symbol Name Applicable Remarks 
Mode(s) 


Track orientation (G), | MAP Displays TRK as the 

Tad 0 6 2| M current track (W), and | CTR MAP orientation, the current 
track reference (G) FULL NAV | track, and M or TRU as the 
EXP NAV reference, and points to the 


PLAN heading on the compass 
rose. 
Heading orientation FULL VOR/ | Displays HDG as the 
Hod 0 6 2| M | (G), current heading | ILS display orientation, current 
(W), heading EXP VOR/ heading, M or TRU as the 
reference (G), and ILS heading reference, and 
heading pointer (W) points to the heading on the 
compass rose. 
al Selected heading bug | All Displays the MCP-selected 
(M) and reference line heading. 
(M) 


A dashed line (M) extends 
from the marker to the 


airplane symbol (except for 
PLAN mode. 
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Symbol Name Applicable Remarks 
Mode(s) 
Track line and range MAP Displays present ground 
2 scale (W) CTR MAP track based on airplane 
J EXP NAV heading and wind. The 
A EXP VOR/ displayed range numeric 
ILS value(s) is (are) one-half 
oa NAV A al the actual selected range. 
we its WAP With heading-up 
orientation (VOR/ILS 
mode), the track line will 
be rotated left or right at an 
angle equal to the drift 
angle. 
McR Heading/track ALL Indicates heading/track is 
TRU reference (G), box referenced to magnetic 
(W) in TRU, box (A) north or true north. On 
if TRU displayed in transition from TRU to M, 
descent a highlight box is displayed 
around M for 10 seconds. 
When TRU is the 
reference, the highlight box 
is displayed full time 
(white). 
Drift Angle Pointer FULL VOR/ | Displays present ground 
sol ay Va (W) ILS track. Replaces track line 
=° e% when a full rose mode is 
selected. 
Expanded compass MAP Displays 70 degrees of 
ae (W) EXP NAV compass rose. 
EXP VOR/ 
ILS 
PLAN 
Full compass rose (W) | FULL NAV | The compass rose rotates 
sorvtliy, yy, Fixed reference marks | FULL VOR/ | through 360 degrees as a 
So" *s% % | (W) ILS function of airplane 
=* eS heading or track. 
arn Fixed reference marks are 
GAS evenly spaced at 45 degree 
intervals. 
Copyright © The Boeing Company. See title page for details. 
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and wind arrow (W) 
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Symbol Name Applicable Remarks 
Mode(s) 
hig Center Map full CTR MAP The compass rose rotates 
: oes compass rose(W) through 360 degrees as a 
~ function of airplane track. 
é 
: a Toga % 2 
Current heading MAP Points to current heading 
4 pointer (W) CTR MAP on the compass rose. 
EXP NAV 
FULL NAV 
PLAN 
Waypoint bearing EXP NAV Displays relative bearing to 
Y pointer (M) FULL NAV | active waypoint 
! 
| 
i 
1 
/ 
t 
! 
Wind direction/ speed | All except Indicates wind speed and 
PLAN direction, with respect to 


display orientation and 
heading/track reference. 
Displayed if wind 
magnitude is greater than 6 
knots and blanked if wind 
magnitude becomes less 
than 4 knots. 
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Symbol Name Applicable Remarks 
Mode(s) 
VOR 1, 2 HSI nav data FULL NAV _| Indicates the source of the 
ILS 1, 2 source(G) EXP NAV displayed navigation data. 
NAV 
FULL VOR/ | th the VOR/ILS mode the 
ILS displayed data source is a 
EXP VOR/ function of the tuned 
ILS frequency (VOR or LOC). 
In the NAV mode, “NAV” 
indicates the data source is 
the FMC. 
116. 80 ILS/VOR frequency FULL VOR/ | Displays frequency of 
display (G) ILS manually tuned navaid. The 
EXP VOR/ word “AUTO” is displayed 
ILS in place of the frequency if 
the VHF NAV radio is in 
the auto tune mode. 
DME distance (W) FULL VOR/ | Indicates DME distance to 
DME 124 : 
ILS the reference navaid. 
EXP VOR/ 
ILS 
ADF | pointer head FULL NAV _| Indicates bearing to (head) 
il it and tail (G) EXP NAV or from (tail) the tuned 
ADF 2 pointer head FULL VOR/ | station. 
fl Ll and tail (G) is Displayed in MAP/CTR 
ae VOR! MAP modes on some 
airplanes only. 
PLAN 3 a. 
MAP 
CTR MAP 
Lateral deviation FULL NAV | Displays ILS, VOR, or 
oe loo) indicator (M) and EXP NAV FMC course deviation. 
scale (W) FULL VOR/ ILS normal scale: 
ILS ° 
1 dot =1 
EXP VOR/ te aeptOe) 
ILS ILS expanded scale: 
1 dot = 1/2° (approx) 
VOR: 1 dot = 5° 


NAV: 1 dot = 2NM 
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Symbol Name Applicable Remarks 
Mode(s) 
ape Selected course EXP NAV Displays selected course as 
pointer (W) and line EXP VOR/ set by the related MCP 
yee (M) ILS course selector. (VOR/ILS) 
or by the FMC (NAV). 
ed Selected course FULL NAV | Displays selected course as 
Y pointer (W) FULL VOR/ | set by the related MCP 
tee TO/FROM pointer ILS course selector (VOR/ILS) 
(W) or by the FMC (NAV). 
TO/FROM pointer is 
displayed when VOR 
navigation is being used. 
° Glideslope pointer FULL VOR/ | Displays glideslope 
be (M) and scale (W) ILS position and deviation. 
° EXP VOR/ 
ILS 
TO To/from indication FULL VOR/ | Displays VOR TO/FROM 
FROM (W) ILS indication. 
EXP VOR/ 
ILS 
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Symbol Name Applicable Remarks 
Mode(s) 
oO VOR (C, G), MAP When the EFIS control 
CTR MAP panel NAV AID switch is 


DME/TACAN (C, G), 


VORTAC (C, G) 


Manually tuned VOR 


radials (G) 


PLAN 


selected on, appropriate 
navaids are displayed. All 
navaids contained in the 
FMC data base and within 
the MAP area are displayed 
when the selected range is 
10, 20 or 40 NM. Only high 
altitude navaids are 
displayed when the selected 
range is 80, 160, 320 NM. 
Navaids not being used are 
displayed in cyan. Tuned 
VHF navaids are displayed 
in green. 


Tuned VHF navaids are 
displayed in green, 
regardless of NAV AID 
switch selection. 


When a navaid is manually 
tuned, the selected course 
and reciprocal are 
displayed. 


VOR radials (G) 


MAP 
CTR MAP 


When the VOR/ADF 
switch is selected on and a 
valid VOR signal is 
received, the station radial 
is displayed. 


ADF bearings (G) 


MAP 
CTR MAP 


When the VOR/ADF 
switch is selected on and a 
valid ADF signal is 
received, the relative 
bearing to the tuned ADF 
station is displayed. 
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MAP 
Symbol Name Applicable Remarks 
Mode(s) 
Airplane symbol (W) | MAP Current airplane position is 
i CTR MAP at the apex of the triangle. 
EXP NAV 
EXP VOR/ 
ILS 
PLAN 
| L Airplane symbol (W) | FULL NAV | Current airplane position is 
FULL VOR/ | at the center of the symbol. 
ILS 
= Position trend vector | MAP Predicts position at the end 
Sf (W) (dashed line) CTR MAP of 30, 60, and 90 second 
intervals, based on bank 
angle and ground speed. 
Each segment represents 30 
seconds. Selected range 
determines the number of 
segments displayed: 
¢ Range > 20 NM, 
3 segments 
¢ Range = 20 NM, 
2 segments 
¢ Range = 10 NM, 
1 segment 
ABCDE Active waypoint FULL NAV _ | Indicates the active flight 
identifier (M) EXP NAV plan waypoint, the next 
waypoint on the route of 
flight. 
124 NM Active waypoint MAP Distance to the active 
distance (W) CTR MAP waypoint. 
FULL NAV 
EXP NAV 
PLAN 
0835. 47 Active waypoint ETA | MAP Indicates FMC-calculated 
(W) CTR MAP ETA at the active waypoint. 
FULL NAV 
EXP NAV 
PLAN 
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Symbol Name Applicable Remarks 
Mode(s) 
ALERT Course change Alert | FULL NAV | Displayed 10 seconds prior 
annunciation (A) EXP NAV to course change or 10 
seconds prior to sequencing 
a waypoint if no course 
change is required. 
Removed as APL begins 
roll to new course or when 
waypoint is sequenced. 
+ Standard Waypoint: MAP Active — represents the 
Pree active (M), inactive CTR MAP waypoint the airplane is 
(W) PLAN currently navigating to. 
Inactive — represents the 
waypoints on the active 
route. 
Conditional Waypoint: | MAP Active — represents the 
e ( ' active (M), inactive CTR MAP waypoint the airplane is 
<— (W) PLAN currently navigating to. 
Inactive — represents the 
waypoints on the active 
route. 
Data with parentheses for 
conditional waypoints 
indicates type of 
conditional waypoint 
(altitude, “VECTORS”, 
“INTC”, etc.) 
A Off route waypoint MAP When the EFIS control 
MF (C) CTR MAP panel WPT switch is 
PLAN selected on, waypoints not 
on the selected route are 
displayed, for ranges of 5, 
10, 20, or 40 NM. 
Copyright © The Boeing Company. See title page for details. 
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Symbol Name Applicable Remarks 
Mode(s) 
Flight plan route: MAP The active route is 
ANBOY active (M), modified | CTR MAP displayed with a continuous 
KI LIVR (W), inactive (C) PLAN line (M) between 
nee waypoints. 
Active route modifications 
are displayed with short 
dashes (W) between 
waypoints. 
Inactive routes are 
displayed with long dashes 
(C) between waypoints. 
+KILVR Route data: active MAP When the EFIS control 
He waypoint (M), CTR MAP panel RTE DATA switch is 
ite inactive waypoint (W) | PLAN selected on, altitude 
constraints and ETAs for 
route waypoints are 
displayed. 
Holding pattern: MAP A holding pattern appears 
c=) active route (M), CTR MAP when in the flight plan. 
modified route (W), PLAN The holding pattern appears 
inactive route (C) as a fixed size if the 
selected range is greater 
than 80 NM. 
A scaled representation of 
the holding pattern is 
displayed when the selected 
range is 80 NM or less and 
the airplane is within 3 
minutes of the holding fix. 
Altitude range arc (G) | MAP Based on present vertical 
sie CTR MAP speed and ground speed, 


indicates the approximate 
map position where the 
MCP altitude is reached. 
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Symbol Name Applicable Remarks 
Mode(s) 
re) Altitude profile point | MAP Indicates the approximate 
TIC and identifier (G) CTR MAP map position of the 
PLAN FMC-calculated T/C 
i) (top-of-climb), T/D (top— 
VD of—descent), S/C (step 
oO climb), and E/D (end of 
s/c descent) points. 
O 
E/ D 
O Indicates intermediate T/D 
T) De XXXXX points for level flight path 
segments during descent. 
Lvel flight path segment 
altitude is displayed. 
O Deceleration points have no 
identifier. 
VNAV path pointer MAP Displays vertical deviation 
(M) and deviation CTR MAP from selected VNAV PATH 
scale (W) FULL NAV | during descent only. Scale 
EXP NAV indicates +/- 400 feet 
deviation. Digital display is 
provided when the pointer 
indicates more than +/- 400 
feet. 
OZ, Airport and runway MAP Displayed when selected as 
ara (W) CTR MAP the origin or destination 
PLAN and selected range is 80, 
160, or 320 NM. 
Cues Airport (C) MAP Displayed if the EFIS 
CTR MAP control panel ARPT switch 
PLAN is selected on. 
Origin and destination 
airports are always 
displayed, regardless of 
switch selection. 
Copyright © The Boeing Company. See title page for details. 
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Mode(s) 
Lc Airport and runway MAP Displayed when selected as 
ge Bart (W) CTR MAP the origin or destination 
oe PLAN and selected range is 5, 10, 
20, or 40 NM. Dashed 
runway centerlines extend 
14.2 NM. 
ey, Selected reference MAP Displays the reference 
~& point and bearing CTR MAP point selected on the CDU 
G \ distance information | PLAN FIX page. Bearing and/or 
\ is iC (G) distance from the fix are 
displayed with dashes (G). 
Weather radar returns | MAP The most intense areas are 
(R, A, G M) CTR MAP displayed in red, lesser 
EXP NAV intensity in amber, and 
EXP VOR/ lowest intensity green. 
ILS Turbulence is displayed in 


magenta. 
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Symbol Name Applicable Remarks 
Mode(s) 


Position difference MAP Numbers — indicate the 

43 AR display (W) CTR MAP position difference in NM 
FULL NAV _| between the present FMC 
EXP NAV position and the L IRS and 
R IRS present positions. 
The selected IRS source is 
displayed on the first line. 


Arrows — indicate the 
relative bearing to the 
related IRS present 
position. 


L or R - indicates which 
IRS present position the 
displayed position 
difference corresponds to. 


Displayed when the 
position difference of the L 
IRS and/or R IRS exceeds 
the position difference 
limits. 


North up arrow (G) PLAN Indicates map background 
is oriented and referenced 
to true north. 


N 
Range arcs (W) MAP Displayed in EXP NAV and 
x EXPNAV | EXP VOR/ILS modes 
(ow EXP VOR/ when the EFIS WXR 
ILS switch is selected on or 
TCAS TFC switch is 
selected. 


Range arcs are displayed in 
MAP mode with or without 
WXR or TFC selected. 
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Symbol Name Applicable Remarks 
Mode(s) 
VAR’ MAP Weather radar MAP These symbols are 
+12 Annunciations (G) CTR MAP displayed only when the 
PLAN weather radar switch on the 
EXP NAV EFIS control panel is 
FULL NAV _ | selected on. (refer to 


December 1, 2000 


Chapter 11, Flight 
Management, Navigation). 


GAIN — VAR indicates that 
gain control is not in CAL 
(calibrated) detent. 


MODE: 


¢ MAP - weather 
radar is operating 
in map mode 

¢ WX - weather 
radar is operating 
in weather mode 

¢ WX+T - weather 
radar is operating 
in weather mode 
with turbulence 
detection enabled 


¢ TEST — weather 
radar is in test 
mode, and test 
pattern is 
displayed 
TILT — indicates antenna 
tilt angle. 
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TCAS 
Symbol Name Applicable Remarks 
Mode(s) 
et TCAS resolution MAP These symbols are 
-03 advisory (RA), CTR MAP displayed only when the 
relative altitude (R) EXP NAV EFIS control panel traffic 
TCAS wath advisors EXP VOR/ (TFC) switch is selected 
+02 : : ILS on. Refer to Chapter 15, 
el (TA), relative altitude Wacnihin Sveieuis, 
(A) gy 
; The arrow indicates traffic 
el TCAS Rome climbing or descending at a 
-05 traffic, relative rate greater than or equal to 
altitude (W) 500 fpm. At rates less than 
ag TCAS other traffic, 500 fpm, the arrow is not 
oT relative altitude (W) displayed. 
For relative altitude 
eT TCAS TA, absolute symbols, the number and 
128 altitude related signs indicate 
altitude of traffic in 
hundreds of feet relative to 
the airplane. 
For absolute altitude 
symbols, the number 
indicates altitude of traffic 
in thousands and hundreds 
of feet. 
For both relative and 
absolute altitude, the 
number is below the traffic 
symbol when the traffic is 
below, and above the traffic 
symbol when the traffic is 
above the airplane. 
Absence of the number 
implies altitude unknown. 
RA 5.3 +403 t | PCAS no bearing MAP Message provides traffic 
tA8.9-12 * | message (RA-R, CTR MAP type, range in NM, altitude 
TA-A) EXP NAV and vertical direction. 
EXP VOR/ 
ILS 
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Symbol Name Applicable Remarks 
Mode(s) 
TCAS traffic alert All Displayed whenever a 
TEER message (RA-R, TCAS RA or TA is active. 
TA-A) EFIS control panel TFC 
switch does not have to be 
selected on. 
TCAS off scale MAP Displayed whenever RA or 
OFFSCALE message (RA-R, CTR MAP TA traffic is outside the 
TA-A) EXP NAV traffic area covered by the 
EXP VOR/ selected range. Displayed 
ILS only if the EFIS control 
panel TFC switch is 
selected on. 
TCAS mode (B) MAP Indicates the TCAS display 
IEG CTR MAP is active; the EFIS control 
EXP NAV panel TFC switch is 
EXP VOR/ selected on. 
ILS 
TCAS mode (B) All Indicates TCAS computer 
IAOEY is not computing RAs. 
Displayed whether the 
EFIS control panel TFC 
switch is selected on or off. 
TCAS mode (B) All Indicates TCAS is 
TCAS TEST operating in the test mode. 
Displayed whether EFIS 
control panel TFC switch is 
selected on or off. 
TCAS mode (A) All Displayed when the 
_ TCAS/ATC mode switch is 
notin TA ONLY or TA/RA, 
whether EFIS control panel 
TFC switch is selected on 
or off. Not displayed if 
TCAS is failed or in test. 
TCAS mode (A) All Indicates TCAS failure, 
TCAS 
FAI L whether EFIS control panel 
TFC switch is selected on 
or off. Once displayed, can 
be cycled on/off with the 
TFC switch. 
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EHSI TCAS Messages 


TA 6.8 -11T 


Airplanes wth TCAS 


TCAS Mode Display 


TFC (green) — TFC selected on EFIS control panel in the MAP, VOR, or ILS 
mode. 


TCAS TEST (white) - TCAS in test mode. 
TCAS FAIL (amber) — TCAS failed. 


TA ONLY (green) - TCAS TA ONLY mode is selected (displayed in all EHSI 
modes whether TFC is selected or not). 


TCAS OFF (white) — TCAS is selected OFF (displayed in MAP, VOR, and ILS 
modes. 


@p— OFFSCALE 
Displayed (amber) — TA traffic beyond EHSI display range. 
Displayed (red) — RA traffic beyond EHSI display range. 
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ep TRAFFIC 
Displayed (amber) — TA condition exists 
Displayed (red) — RA condition exists. 


GD No Bearing Messages 


Displayed (red or amber) — No bearing information available for traffic (see EHSI 
symbology chart for display). 


EHSI System Failure Flags and Annunciations 


10 


1 


se eee 


NOTE: All flags are yellow 


[T> As installed 


Track (TRK) or Heading (HDG) Flag 
Track or heading data has failed. 
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q@p VOR Flag 


Indicates failure of a VOR display on the EHSI (displayed here if the MAP or 
CTR MAP mode is selected and the VOR/ADF switch is on. 


ep EXCESS DATA Annunciation 
e refresh rate of MAP display has dropped below limit 
e display may flicker at lower refresh rates. 


@D WXR Annunciations (left justified, two lines) 
¢ WXR FAIL - indicates weather radar has failed (no weather data 
displayed 
¢ WXR WEAK - indicates weather radar calibration fault 
¢ WXR ATT - indicates loss of attitude stabilization for antenna 
¢ WXR STAB - indicates antenna stabilization is off 
¢ WXR DSPY - indicates loss of display unit cooling or an overheat 


condition of the EHSI. Weather radar display is blanked. 
@&p Crosstrack (XTK) Deviation Flag 


Indicates failure of the FMC crosstrack deviation data (displayed here if the FULL 
NAV mode is selected). 


@® VOR, LOC Flag 


Indicates failure of the EHSI VOR or LOC display (displayed here if the FULL 
VOR/ILS mode is selected). 


MAP Flag 


Indicates failure of associated FMC generated map display (displayed here if CTR 
MAP mode is selected). 


ep MAP Flag 
Displayed here if MAP mode is selected. 


@p Vertical Track (VTK) Flag (typical location) 
Indicates failure of the FMC vertical track data. 


@p Crosstrack (XTK) Deviation Flag 
Displayed here if the EXP NAV mode is selected. 


VOR, LOC Flag 
Displayed here if the EXP VOR/ILS mode is selected. 
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@® NAV Advisory Message 


UNABLE REQD NAV PERF-RNP - Indicates that FMC ANP is not sufficient 
for the current special RNP (displayed here if MAP or CTR MAP is selected). 


EFI Transfer Switch and EFIS Light Sensors 


FORWARD OVERHEAD PANEL 


GLARESHIELD 


Ee 


CAPT INSTRUMENT PANEL 
F/O INSTRUMENT PANEL 


TNSTR 
SW TCH 


CAPT INSTRUMENT PANEL 
F/O INSTRUMENT PANEL 
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Electronic Flight Instrument (EFI) Transfer Switch 


NORMAL - Captain’s and First Officer’s EFIS displays are generated from their 
related symbol generators. 


BOTH ON | - Both EFIS displays are generated from the No. | symbol generator. 
BOTH ON 2 - Both EFIS displays are generated from the No. 2 symbol generator. 


@® Remote Light Sensor 


Provides automatic adjustment of EFIS EADI and EHSI display brightness as a 
function of ambient light coming through the associated forward window. 


€&p Integral Light Sensors 


Provide automatic control of EFIS EADI and EHSI display brightness as a 
function of ambient light striking the face of the display units. 


@® Instrument Transfer Switch INSTR SWITCH) Light 


ILLUMINATED-one or both of the instrument transfer switches (EFI or IRS) has 
been moved out of the normal position. 


Copyright © The Boeing Company. See title page for details. 


10.30.50 D6-27370-400E-TBCE December 07, 2001 


QL SOEING 


737 Operations Manual 


Flight Instruments, Displays Chapter 10 


EFIS System Description Section 40 


Introduction 


The electronic flight instrument system (EFIS) consists of two symbol generators 
(SGs), two control panels (CPs), two electronic attitude director indicators 
(EADIs or ADIs), two electronic horizontal situation indicators (EHSIs or HSIs), 
and ambient light sensing units. The EFIS utilizes information provided by a 
variety of aircraft systems to generate the appropriate visual presentations on the 
EHSI and EADI. Data relating primarily to navigation is provided by aircraft 
systems such as the navigation radios, flight management computer (FMC), and 
the inertial reference systems (IRSs). Data relating primarily to automatic flight is 
provided by the flight control computers (FCCs), the autothrottle (A/T), and the 
FMC. Data which is used to display current aircraft state information is provided 
by the air data computers (ADCs) and the IRSs. Automatic adjustment of the 
display intensity for each display unit is provided by the ambient light sensing 
units. flight crew control of the EFIS displays is accomplished by positioning the 
various controls on the respective EFIS control panels to the desired settings. 


EFIS Failures Flags and Annunciation 


In addition to the normal EFIS displays, various failure annunciations, flags, or 
indications may be displayed on the EADI or EHSI. 


The location of the different failure flags and annunciations is depicted in the 
EADI and EHSI SYSTEM FAILURE FLAGS AND ANNUNCIATIONS figures 
included in the EFIS controls and indicators section. 


Not all EFIS displays will be replaced by a failure flag or annunciation if the signal 
from the sending unit has failed. In theses instances, failure is indicated by 
removal of the data or the affected portions of the display. 


Note: The EFIS displays respond to a VHF NAV receiver failure by removing the 
associated magenta deviation bar and/or pointer. In response to an ADF 
receiver failure, the associated display symbol(s) (ADF pointers or 
vectors) are removed from the EHSI. 


EFIS Symbol Generator 


Two symbol generators form the heart of the EFIS. The SGs receive inputs from 
various aircraft systems, then generate the proper visual displays for the related 
EADI and EHSI. 
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EFIS Control Panels 


Each SG is connected to an EFIS control panel. Using the related EFIS control 
panel, a flight crew member can select the EHSI display mode, the EHSI display 
options, the EHSI display range, the EADI decision height reference, and the 
EHSI weather radar display option. The EFIS control panels also allow the flight 
crew to adjust the EADI, EHSI, and weather radar display brightness levels. 


Electrical Power 


The electronic flight instrument system operates on 115 volt AC power. With loss 
of all airplane generators, the Captain’s and the First Officer’s EFIS are 
inoperative. The standby Instruments provide a backup source of information in 
this event. 


Electronic Attitude Director Indicator 


The EADI presents conventional EADI displays for attitude (pitch and roll), flight 
director commands, localizer deviation and glide slope deviation. In addition, the 
EADI displays information relating to autoflight system mode annunciations, 
airplane speed (Vmo/Mmo, minimum speeds, CAS, placards, V1, Vr, etc.), pitch 
limit, Mach, ground speed, radio height alert, decision height, and radio altitude. 


Attitude Display 


Airplane attitude data is provided by the IRSs. The IRSs pitch and roll attitude 
information is valid throughout 360 degrees of rotation in each axis. 


Mode Annunciations 


Mode annunciations for the A/T and the AFDS are displayed at the top of the 
EADI displays. A detailed description of the various autoflight mode 
annunciations and their meanings is contained in Chapter 4. 


Flight Director Commands 


Flight director guidance commands from the selected FCC are displayed via the 
flight director symbol on the EADI. 


Glide Slope and Localizer Deviation Displays 


Glide slope and localizer deviation scales appear when a localizer frequency is 
tuned on the associated VHF NAV receiver. A valid signal is required before the 
deviation pointer is displayed. 
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The normal localizer deviation scale is one degree per dot. When the course 
deviation is approximately 5/8 degree deviation (5/8 dot) and VOR/LOC is 
engaged, the scale automatically expands to indicate 1/2 degree deviation per dot. 
The scale remains expanded until after landing rollout or on a go-around with 
radio altitude greater than 200 feet. 


On a backcourse approach, the symbol generator reverses the polarity of the 
localizer deviation pointer on the EADI. The reversal occurs when the airplane 
track differs from selected MCP course by more than 90 degrees. Thus, when the 
frontcourse is set in the MCP course display, the EADI and EHSI course deviation 
display will agree on both a frontcourse and a backcourse approach. Additionally, 
the glideslope scale is not displayed for a backcourse approach. 


ILS Deviation Warning 


ILS deviation monitoring alerts the flight crew of excessive LOC or G/S 
deviations. This alerting function is operative during single or dual A/P channel 
ILS approach. The alerting system is armed when the airplane descends below 
1,500 feet radio altitude (RA) with the LOC and G/S captured. If the Captain’s or 
the F/O’s LOC deviation exceeds one-half dot expanded scale (one-fourth dot 
standard scale), the respective LOC scale changes color from white to yellow, and 
the miniature runway stem flashes. 


If the Captain’s or F/O’s G/S deviation exceeds one dot deviation, the respective 
G/S scale changes color from white to yellow, and the G/S pointer flashes. G/S 
deviation alerting will not be initiated below 100 feet RA, but continues to operate 
below this altitude if the alert was triggered prior to descent below 100 feet RA. 


Each pilot’s alerting system self—tests upon becoming armed at 1,500 feet RA. 
This self—test generates a two—second LOC and G/S deviation alerting display on 
each EADI. 


Rising Runway Symbol 


The rising runway symbol is an integral part of the LOC deviation display and is 
positioned at the top of the LOC deviation pointer. the rising runway symbol is 
displayed in addition to the digital radio altitude display and gives an additional 
cue to the flight crew of the aircraft’s close proximity to the ground as the airplane 
descends below 200 feet radio altitude. Full scale, vertical movement of the rising 
runway represents the last 200 feet of radio altitude. Zero feet radio altitude is 
indicated as the top of the runway symbol rises to the base of the airplane symbol. 


The requirements for display of the rising runway symbol are as follows: 
¢ valid ILS/LOC frequency selected 
¢ valid radio altitude data 
e radio altitude less than 2,500 feet. 


If any of the above conditions are not met, the runway symbol is not displayed. 
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Pitch/Roll Comparator 


A yellow “PITCH” or “ROLL” alerting annunciation is displayed on both EADIs 
if either symbol generator detects a difference of more than 3 degrees between the 
Captain’s and F/O’s pitch or roll displays. A short time delay is incorporated to 
minimize nuisance annunciations. 


Radio Height Alert 


The radio height alert is triggered when the airplane descends below 2,500 feet 
AGL. The alert is turned off when the airplane continues to descend below 500 
feet AGL or climbs above 2,500 feet AGL, or after pressing the decision height 
reset switch on the EFIS control panel. 


Digital Radio Altitude and Decision Height 


When radio altitude is less than 2,500 feet, a digital display of radio altitude is 
depicted in the lower right hand corner of the EADI. At all other times, the digital 
radio altitude display is blanked. 
When a positive decision height has been selected on the related EFIS control 
panel, the letters “DH” and the decision height are displayed just above the digital 
radio altitude display of the associated EADI. 
When descending through the selected DH, a DH alert occurs which replaces the 
green “DH” letters and decision height with a large, yellow “DH” that flashes 
momentarily, then remains steady yellow. At the same time the DH alert is 
triggered, the digital radio altitude display also changes from white to yellow. 
The DH alert is reset if any one of the following occurs: 

e the DH Reset Switch on the EFIS Control Panel is pressed 

¢ the radio altitude increases to DH +75 feet 

¢ the radio altitude is equal to zero feet (i.e. during touchdown). 


Note: Following an electrical power interruption, the DH value defaults to 200 
feet. 


Mach Display 
The current Mach number from the related air data computer (ADC) is displayed 
if the following are satisfied: 

* accelerating — Mach is equal to or greater than .40 

¢ decelerating — Mach previously above .40 and still greater than .38. 


Ground Speed Display 


A digital presentation of the current ground speed is displayed. The ground speed 
data is received from the FMC or the IRS, with the FMC being the primary source. 
The numeric range is from 0 knots to 999 knots. 
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The position of the pitch limit symbol is a function of the stall warning computer. 
the pitch limit symbol appears any time the flaps are extended. 


During takeoff, the pitch limit symbol is fixed at 15 degrees pitch attitude until the 
stall warning computer commands a value greater than 15 degrees (at 
approximately 100 knots). Above this speed, the position of the pitch limit symbol 
is a function of the various inputs to the stall warning computer and is limited to 
a maximum of 30 degrees of pitch. 


In general, the pitch limit symbol is programmed so that stick shaker activation 
will coincide with a pitch attitude equal to the pitch limit symbol indication. 


In a rapid pull up, the pitch attitude may exceed the pitch limit symbol indication 
for a brief period of time without initiating the stick shaker warning. 


With a light weight airplane the stick shaker may be activated by the low speed 
limit logic of the stall warning computer even though the pitch limit symbol is 
positioned slightly above the airplane symbol. 


Speed Tape Display 


The speed tape display consists of a graduated scale which moves relative to a 
fixed airspeed reference pointer. The pointer contains a rolling digit readout of 
current airspeed. Various symbols related to airplane performance are positioned 
on the speed tape. An explanation of the various speed tape symbols follows. 


Speed Tape Scale 


A range of approximately 84 knots is displayed on the speed tape. Numbers are 
placed on the tape at 20 knot intervals from 40 knots to 420 knots. The speed tape 
scale scrolls up and down, and current airspeed is indicated by the digital readout. 


Digital Readout 


A digital readout of the current calibrated airspeed is located within the fixed 
airspeed reference pointer. The units digit “rolls” continuously based on the 
current fractional unit value of the calibrated airspeed to emulate the rolling digit 
readout of a conventional electrical/mechanical airspeed indicator. 


Airspeed Trend Arrow 


A green arrow of variable length which points to the predicted airspeed that the 
airplane will achieve within the next 10 seconds. This prediction is based on the 
present airspeed and airspeed acceleration. Than airspeed trend arrow is not 
displayed unless its magnitude is greater than 4 knots. The airspeed trend arrow is 
removed when its magnitude becomes less than 3 knots. 
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The command speed is displayed as a magenta, double-—line cursor located on the 
speed tape scale if the command speed is within the currently displayed speed tape 
range. It is displayed in a numerical form, above or below the speed tape scale, if 
the command speed is not within the currently displayed speed tape range. The 
indicated command speed is equivalent to the selected speed on the MCP or to the 
FMC command speed, whichever is applicable. 


Maximum Operating Speed (VMO/MMO or Gear/Flap Placards) 


The maximum operating speed is represented by the high speed red and black 
barber pole. The position of the maximum operating speed symbol is a function of 
data supplied to the symbol generator from the stall warning computer. The 
maximum operating speed is the lower of the gear—extended placard speed, the 
flaps—extended placard speed, or VMO/MMO. 


High Speed Buffet Limit 


The high speed buffet limit is represented by the bottom of a hollow yellow bar 
that extends from the bottom of the VMO/MMO symbol at high altitude. As the 
airplane climbs to altitudes above 25,000 feet, the yellow bar begins to extend to 
give an indication of the speed that would provide a .3G margin to high sped 
buffet. At lower altitudes, the VMO/MMO speed is more limiting and the high 
speed buffet limit symbol is no longer visible. Since the stall warning computer 
uses FMC gross weight to calculate the high speed buffet margin speed, this 
display is not available if the FMC is inoperative or unable to compute gross 
weight. 


Next Flap Placard Speed 


The next flap placard speed uses the same symbol as the high speed buffet limit. 
If the airplane is in the air, and flaps are lowered, the hollow yellow bar extends 
from the high speed end of the speed tape. The end of the hollow yellow bar now 
represents the placard speed for the next normal flap position. Next flap placard 
speeds are displayed only for those flap positions that would normally be used 
during an approach and landing. The next flap placard symbol is blanked when 
current flap position equals the selected landing flap configuration on the 
FMC/CDU APPROACH REF page or when the flaps are being retracted. 


Flaps Up Maneuvering Speed 


Flaps up maneuvering speed is indicated by a small green circle on the speed tape. 
This speed is an output of the stall warning computer and is based on the actual 
gross weight as computed by the FMC. It represents the best airspeed (climb or 
driftdown) for an airplane in the clean configuration. This function is not enabled 
until flaps are up. 
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V1 (decision) Speed 


V1 speed is depicted by a green “—1” located opposite the V1 speed on the speed 
tape if the V1 speed is within the displayed range. If the selected V1 speed is not 
within the displayed range, a green “V1” with the numeric value of the V1 speed 
is displayed at the high speed end of the speed tape. 


Before the V1 speed is displayed on the speed tape, V1 must be entered on the 
FMC/CDU TAKEOFF page. 


VR (Rotation) Speed 


VR speed is depicted by a green “—R” located opposite the rotation speed if the 
rotation speed is within the displayed range. The “—R” symbol is blanked if the 
rotation speed is not within the displayed range. 


Before the VR speed is displayed on the speed tape, VR must be entered on the 
FMC/CDU TAKEOFF page. 


VREF (reference) Speed 


The Vref speed is represented by the “—R” symbol. The FMC/CDU APPROACH 
REF page displays Vref speeds based on the current gross weight for three landing 
flap settings. The flight crew may select the FMC computed speed or manually 
enter another value into the field corresponding to the desired landing flap 
configuration. This speed will then be transmitted by the FMC, and the symbol 
generator will display the “—-R” symbol opposite that speed on the speed tape. 


Note: The FMC updates the computed Vref speeds (small—size characters) as fuel 
is burned off based on fuel totalizer inputs. A Vref value does not update 
once it has been selected for transmission to the speed tape. If the flight 
crew manually inserts a gross weight on the APPROACH REF page, the 
FMC computed Vref speeds will be based solely on the manually entered 
gross weight as long as the APPROACH REF page remains in view. A 
manually entered gross weight is not updated as fuel is burned off. 


Minimum Flap Retraction Speed 


Minimum flap retraction speed is indicated by a green “—F” on the right side of the 
speed tape. This speed is computed by the stall warning computer. It represents the 
speed that will provide the minimum maneuver speed (depicted by the end of the 
low speed yellow bar) for the next normal flap position (i.e., flap positions 5, 1, or 
UP only). The display will respond to the effects of extending the flight spoilers. 


Minimum Maneuvering Speed 


Represented by the end of the low speed hollow yellow bar. If the airplane is at 
low altitude, and is flown at this speed, a .3G maneuver margin to stick shaker is 
provided. This would allow for a 40—degree bank turn while maneuvering in level 
flight. 
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If the airplane is at high altitude and is flown at the minimum maneuver speed, a 
.3G maneuver margin to low speed buffet is provided as opposed to a .3G to stick 
shaker margin. Since the stall warning computer uses FMC gross weight to 
calculate the minimum maneuver speed at high altitudes, this symbol is not 
displayed at high altitude if the FMC gross weight is not available. 


The display will reflect the effect of extending the flight spoilers. 


Stick Shaker Speed 


Represented by the end of the low speed red and black striped barber pole. This 
speed represents the airspeed at which the angle of airflow vanes will activate the 
sticker shaker warning. The source of the stick shaker airspeed is the stall warning 
computer. The display will reflect the effects of extending the flight spoilers. 


Electronic Horizontal Situation Indicator (EHSI) 


General 


Each EHSI presents an electronically generated color display of conventional HSI 
navigation data (VOR/ILS and NAV modes). Each EHSI is also capable of 
displaying the airplane's flight progress on a plan view map (MAP and CTR MAP 
modes), or the airplane's flight plan on a plan view map oriented to true north 
(PLAN mode). 


Excluding operation in the FULL NAV, FULL VOR/ILS, and PLAN modes, each 
EHSI also serves as a weather radar display when the WXR Switch on the 
respective EFIS Control Panel is ON. 


During normal operation, each EHSI receives information from its own symbol 
generator. Each symbol generator receives data from a variety of aircraft systems 
to support the EHSI displays. 


Display Orientation 


The various displays on the EHSI are oriented in one of two ways, either 
“heading—up” or “track—up.” With “heading—up” orientation, all displayed data is 
referenced to aircraft heading as shown at the twelve o'clock position on the 
compass rose. With “track—up” orientation, all displayed data is referenced to 
aircraft track as shown at the twelve o'clock position on the compass rose. 


During normal operation, heading reference data is supplied to each EHSI from 
the respective IRS. 


Airplane track data is supplied by the FMC. If the FMC track data should become 
unreliable, track data is automatically supplied by the respective IRS. 
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EFIS Control Panel 


The EFIS control panels provide selection of the EHSI display mode, display 
range, display brightness, weather radar display (ON or OFF and display 
brightness), and MAP data options. During normal operation, each panel controls 
the display for the related EHSI. 


The selectable display modes are FULL rose NAVIGATION (FULL NAV) (some 
airplanes only), FULL rose VOR/ILS, EXPANDED rose NAVIGATION (EXP 
NAV) (some airplanes only), EXPANDED rose VOR/ILS, MAP, CENTER MAP 
(CTR MAP), and PLAN. 


MAP Mode 


The MAP mode displays a plan view of the airplane's position relative to the FMC 
flight plan and/or FMC data base waypoints and navaids. The FMC flight plan 
and/or FMC data base waypoints and navaids and other map symbols are 
displayed on the map background. The map background moves relative to the 
fixed airplane symbol. Displayed information includes airplane heading; airplane 
track; route of flight; curved trend vector(s); range to altitude; wind direction and 
velocity; distances; ETA's; altitude constraints; FMC database airports, navaids, 
waypoints; VOR/ADF bearing radials; ADF bearing pointers; and weather radar 
displays. 


The map display is a “track—up” oriented display. 
CTR MAP Mode 


The CENTER MAP mode provides the same data as the MAP mode with the 
exception that the airplane symbol is located at the center of the display so that 
map data behind the airplane is within the viewing area. 


FULL and EXP NAV Modes 


The navigation mode is used when a conventional display of FMC navigation 
course deviation is desired. In addition to the conventional FMC course deviation 
data displayed, the NAV mode also displays distance to the active waypoint, active 
waypoint identifier, ETA's or ETE's, ADF bearing pointers (if an ADF bearing is 
being received), wind direction and magnitude, and system source annunciation. 


The NAV mode may be displayed with a conventional, FULL compass rose, or 
with a simplified, EXPANDED compass rose format. 


The NAV mode display is a “track—up” oriented display. 
FULL and EXP VOR/ILS Modes 


The VOR/ILS mode is useful when tracking or referencing VHF radio navigation 
signals using a VHF navigation receiver. The VOR/ILS mode displays course 
deviation using conventional EHSI presentations. 
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In addition to the conventional navigation data displayed, the VOR/ILS mode also 
displays DME distance to the navaid, ADF bearing pointers (if an ADF bearing is 
being received), wind direction and velocity, system source annunciation, and 
selected frequency (not displayed if in auto tune mode). 


The VOR/ILS mode may be displayed with a conventional, FULL compass rose, 
or with a simplified, EXPANDED compass rose format. 


The VOR/ILS mode display is a “heading—up” oriented display. 


PLAN Mode 


The PLAN mode is a map display which may be used to view an FMC flight plan 
route, either in total for a short route, or waypoint-by—waypoint for a longer route. 
The PLAN mode display is oriented to true north. 


Weather Radar Display 


Display of weather radar returns on the EHSI is enabled or disabled by the WKR 
switch on the respective EFIS control panel. Radar returns can be displayed in all 
EHSI modes except the FULL NAV, FULL VOR/ILS and PLAN modes. A more 
detailed discussion of weather radar operation is contained in Chapter 11. 


Instrument Transfer Switching 


During normal operation, each pilot's EFIS displays utilize independent inertial 
reference system (IRS) and symbol generator (SG) inputs. In the event of IRS or 
SG failure, input sources may be switched. Other related instrument transfer 
switching is discussed in Chapter 11. 


The EFI transfer switch determines the SG source for the Captain's and F/O's 
EADI and EHSI displays. With the EFI Transfer Switch in the NORMAL 
position, the No. 1 SG provides display symbols for the Captain's EFIS displays, 
and the No. 2 SG provides display symbols for the F/O's EFIS displays. If the EFI 
transfer switch is in the BOTH ON 1 position, both sets of displays utilize symbols 
provided by the No. 1 SG, and the No. 2 SG is turned off. If the EFI transfer switch 
is in the BOTH ON 2 position, both sets of displays utilize symbols provided by 
the No. 2 SG, and the No. | SG is turned off. The autopilot will use data only from 
a single IRU source when the EFI transfer switch is in either the BOTH ON | or 
BOTH ON 2 position. 


The IRS transfer switch selects the IRS that supplies inputs to the respective SG 
as well as to other airplane systems (see Chapter 11). With the IRS transfer switch 
in the NORMAL position, the left IRS provides inputs to the No. 1 SG, and the 
right IRS provides inputs to the No. 2 SG. If the IRS transfer switch is positioned 
to BOTH ON L, the left IRS provides data to both SG's. If the IRS transfer switch 
is positioned to BOTH ON R, the right IRS provides data to both SG's. 


Copyright © The Boeing Company. See title page for details. 


10.40.10 D6-27370-400E-TBCE December 1, 2000 


Flight Instruments, Displays - 
QSOEING EFIS System Description 


737 Operations Manual 


Light Sensing and Brightness Control 


There are two sets of ambient light sensors that automatically adjust the brightness 
of the EADI and EHSI displays. The Captain's and F/O's displays are 
independently adjusted. Two remote light sensors, located on the instrument glare 
shield, adjust brightness of the associated EADI and EHSI as a function of light 
coming through the forward windows. Two integral light sensors, located in the 
EADI and EHSI instrument bezels (one per display unit), work in parallel to 
adjust the brightness of the EADI and EHSI displays as a function of ambient light 
shining on the face of either display. Manual adjustment of the display brightness, 
above and below the brightness level set by the automatic system, is accomplished 
by adjusting the brightness controls on the associated EFIS control panel. 
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Flight Management System 
Control Display Unit (CDU) 
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FORWARD ELECTRONIC PANEL 
@p Control Display Unit (CDU) Display 


Shows FMS data pages. 
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@® Line Select Keys 
Push — 
¢ moves data from scratchpad to selected line 
¢ moves data from selected line to scratchpad 
¢ selects page, procedure, or performance mode as applicable 
e deletes data from selected line when DELETE is shown in scratchpad. 


ep FAIL Light 
Illuminated (amber) — the FMC has failed. 


@®p Brightness Control 
Rotate — controls display brightness. 


@&p Message (MSG) Light 


Illuminated (white) — scratchpad message is shown. 


@® Offset (OFST) Light (U7) 


Illuminated (white) - LNAV gives guidance for lateral route offset. 


Function and Execute Keys 


(2) (me) (as) Coe] (as) 
' 1 2 
'T DR DEP : EXEC 
Hes = 

Cin 

1] PREV NEXT |. 

1 | PAGE PAGE |, 


CDU 


CDU Function Keys 
Push — 
¢ INIT REF - shows page for data initialization or for reference data 
¢ RTE - shows page to input or change origin, destination, or route 
¢ CLB - shows page to view or change climb data 
¢ CRZ- shows page to view or change cruise data 
e DES - shows page to view or change descent data 
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e DIR INTC - shows page to modify route to fly directly from present 
position to any waypoint or to intercept any course to any waypoint 


¢ LEGS - 
¢ shows page to evaluate or modify lateral and vertical data 
¢ shows page to control PLAN mode display 


¢« DEP ARR - shows page to input or change departure and arrival 
procedures 


¢ HOLD - shows page to create holding patterns and show holding pattern 
data 


¢« PROG - shows page to view dynamic flight and navigation data, 
including waypoint and destination ETAs, fuel remaining, and arrival 
estimates 


¢ NI LIMIT - shows page to view or change N1 thrust limits 
¢ FIX — shows page to create reference points on map display 
¢ PREV PAGE - shows previous page of related pages (for example, LEGS 
pages) 
¢ NEXT PAGE - shows next page of related pages. 
@p Execute (EXEC) Key 
Push — 


¢ makes data modification(s) active 
* extinguishes execute light. 


ep Execute Light 


Illuminated (white) — active data is modified but not executed. 


Alpha/Numeric and Miscellaneous Keys 


CDU 
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Alpha/Numeric Keys 

Push — 
e puts selected character in scratchpad 
e Slash (/) key — puts “/” in scratchpad 


e Plus Minus (+/—) key — first push puts 
pushes alternate between “+” and “—”. 


ee 9 


in scratchpad. Subsequent 


@® Delete (DEL) Key 
Push — puts DELETE in scratchpad. 


pp Clear (CLR) Key 
Push — 


e clears the last scratchpad character 
¢ clears scratchpad message. 


Push and hold — clears all scratchpad data. 


CDU Page Components 


Se RTE 11 Xx 
ORIGIN DEST 
]|KBFI —s 
CO ROUTE FLT NO 
RUNWAY 
VIA TO 
—|||DI RECT SEA} ||—— 
SSWWre eee +$—/_» 
eS 
— ACTI VATE> |___ qe 


CDU 


Page Title 
Subject or name of data shown on page. 


ACT (active) or MOD (modified) shows whether page contains active or modified 
data. 


@® Line Title 


Title of data on line below. 
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ep Line 
Shows — 
* prompts 
¢ selections 
* options 
e data. 


@® Scratchpad 


Shows messages, alpha—numeric entries or line selected data. 


@p Page Number 


Left number is page number. Right number is total number of related pages. 


Gp Boxes 


Data input is mandatory. 


Dashes 


Data input is optional. The data is not mandatory. 


pp Prompts 


Show pages, select modes, and control displays. Caret “<” or “>” is before or after 
prompt. 


FMC Alert Light 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 
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FMC Alert Light 


Illuminated (amber) — 
e the FAIL light on both CDUs is illuminated, or 
¢ an alerting message exists for both CDUs, or 
¢ the test switch is in position | or 2. 

Push — both pilots’ FMC alert lights extinguish. 


Navigation Mode Selector 


[> As installed 


LIGHT SHIELD (2) 


Navigation (NAV) Mode Selector 


When the associated flight control computer (FCC A or FCC B) is the master, the 
respective selector (Captain or First Officer) determines the source of guidance 
and control commands provided to the AFDS. The selector also determines the 
source for data displays. 

FMC - The flight management computer is providing AFDS LNAV and VNAV 
commands and display information. 

ANS L - The left ANCDU of the alternate navigation system is providing AFDS 
LNAV commands and display information. 

ANS R - The right ANCDU of the alternate navigation system is providing AFDS 
LNAV commands and display information. 


When the selector is not in the FMC position, only NAV mode information is 
provided to the EHSIs. 
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Inertial System 
IRS Display Unit ISDU) 


i | RS DI SPLAY 
ol 
eieral che olefled —| I as 
Nosed Wl ee les] 
Oo oO 
(— DSPL SEL — fe ee es , 
PPOS WAND 
TK/ GS HDG STS 1 N 3 
TEST c 
C1 wii E 
4 5 6 —_—_$§_—_ Qa 
ea, 
SYS DSPL s 
TT L R ~T 7 8 9 
I 
r 3 ENT CLR 
Ue ° q o ont 
ep SSeS 
AFT OVERHEAD PANEL 


Display Selector (DSPL SEL) 
TEST (spring-loaded to TK/GS) — 
¢ all lights in data displays and on the mode selector unit momentarily 
illuminate, followed by a 10 second self-test 
¢ use only during alignment. 
TK/GS - 
¢ left window displays present true track (course) 
¢ right window displays present ground speed (knots). 
PPOS - 
¢ left window displays present latitude 
¢ right window displays present longitude. 
WIND - 
¢ left window displays present inflight true wind direction 
¢ right window displays present inflight wind speed (knots). 
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HDG/STS — 
¢ left window displays present true heading 
¢ right window displays any applicable maintenance status codes 


e during alignment, right window displays minutes remaining until 
alignment is complete (displays “7” until time remaining is 6 minutes). 


q@® Brightness (BRT) Control 
Rotate — adjusts brightness of the data displays. 


€p System Display (SYS DSPL) Selector 
L - selects left IRS for the data displays. 
R - selects right IRS for the data displays. 


@® Enter (ENT) Key 
Illuminated (white) — N, S, E, W, or H entries are being keyed. 


Push — keyed data is entered into IRS following completion of valid self-test for 
reasonableness. 


@&p Data Displays 
Two windows display data for the IRS selected with the system display selector 
* type of data displayed is normally determined by the display selector 


¢ keyboard entry of present position or magnetic heading overrides the 
selected display 


¢ last digit of each window is for a decimal place (tenths). 


@p Keyboard 
Push — 
¢ alpha keys: 
¢ data displays are controlled by the keyboard when the N, S, E, W 
(latitude/longitude) or H (heading) keys are pressed 
* pressing an alpha key arms the keyboard for numeric entries. 
¢ numeric keys: 


* permit manual entry of present position when ALIGN light is 
illuminated 


* permit manual entry of magnetic heading when either mode selector is 
in ATT. 


Clear (CLR) Key 
Illuminated (white) — an ENT attempt has failed (entry not accepted by IRS). 
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Push — extinguishes cue lights and clears data display of any data not yet entered 
or accepted. 


IRS Mode Selector Unit 
en ALI PAL ALI PAL | -<> 
@@p—e| FAUT | 0 Fal | FAIL | FAULT | [0c FALL | FAIL | 
ALIGN ALI GN 
IRS R 
AFT OVERHEAD PANEL 


ALIGN Light 
Illuminated (white) — 
¢ steady — the related IRS is operating in the ALIGN mode, the initial ATT 
mode, or the shutdown cycle 
¢ flashing — alignment cannot be completed due to IRS detection of: 


¢ significant difference between previous and entered positions 
(unreasonable present position) or 


* no present position entry. 
Extinguished — 
e IRS not in ALIGN mode 


¢ with mode selector in NAV, alignment is complete, and all IRS 
information is available 


¢ with mode selector in ATT, attitude information is available. Heading 
information is available following entry of initial magnetic heading. 


@® FAULT Light 


Illuminated (amber) — a system fault affecting the related IRS ATT and/or NAV 
modes has been detected. 


€p Inertial Reference System (IRS) Mode Selector 
OFF — all electrical power is removed from the system after a 30 second shutdown 
cycle. 
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ALIGN - 
* rotating the selector from OFF to ALIGN initiates the alignment cycle 
* rotating the selector from NAV to ALIGN automatically updates 
alignment and zeroes ground speed error. 
NAV (detented position) — 
¢ system enters the NAV mode after completion of the alignment cycle and 
entry of present position 
e in NAV mode, all IRS information is available to airplane systems for 
normal operations. 
ATT — provides only attitude and heading information: 
¢ attitude information is invalid (attitude flag in view) until ALIGN light is 
extinguished 
e heading information is invalid (heading flags in view) until the actual 
magnetic heading is manually entered and the ALIGN light is 
extinguished 


* position and ground speed information is not available until the IRS is 
aligned on the ground 


¢ the selector must be cycled to OFF before reselecting ALIGN or NAV. 


@@D ON DC Light 
Iuminated (amber) — 


¢ the related IRS is operating on DC power from the switched hot battery 
bus (AC power not normal) 


¢ if on the ground, the ground—call horn in the nose wheel well sounds, 
providing an alert that a battery drain condition exists 


¢ momentary illumination is normal during alignment self-test. 


@® DC FAIL Light 


Illuminated (amber) — 
¢ DC power for the related IRS is not normal 


¢ if the other lights are extinguished, the IRS is operating normally on AC 
power. 
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IRS 
BOTH BOTH 
ONL ON R 
NORVAL 


FORWARD OVERHEAD PANEL 


Inertial Reference System (IRS) Transfer Switch 


BOTH ON L - switches the flight instruments attitude and heading source to left 
IRS. 


NORMAL - flight instruments attitude and heading source is from default IRS. 


BOTH ON R - switches the flight instruments attitude and heading source to right 
IRS. 


Instrument Transfer Switch Light 


es | NSTR 
SW TCH 


CAPTAIN’S INSTRUMENT PANEL 
FIRST OFFICER’S INSTRUMENT PANEL 


Instrument Transfer Switch Light (INSTR SWITCH) 


Illuminated (amber) — one or both of the instrument transfer switches (EFI or IRS) 
has been moved from the normal position. 
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Radio Navigation Systems 
Automatic Direction Finding (ADF) Control 


AFT ELECTRONIC PANEL 


Frequency Indicator 


Indicates the frequency selected with the related frequency selector. 


@® Frequency Selector 
Rotate — 
¢ outer knob sets the hundreds number 
e¢ middle knob sets the tens number 
e inner knob sets the tenths and ones number. 


ED Mode Selector 

OFF — removes power from associated receiver. 

ANT - receiver sends only station audio. 

ADF - receiver sends bearing and station audio. 

TEST — ADF bearing pointer indicates 45 degrees left of lubber line. 


GAIN -— adjusts receiver gain. 


@p TONE Switch 

1 — adds tone to ADF receiver No. | audio. 
2 — adds tone to ADF receiver No. 2 audio. 
CENTER -— disables tones. 
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VHF Navigation Control 


AUTO MANUAL 
Eee lg 
eB JUe55 ; 
AUTO 


[ Teh 7 MANUAL y, S 


VOR UP/ LT p g |§—_> 
e+ © Nah 
DNE PDN AT 
3 am 
AFT ELECTRONIC PANEL 


Frequency Indicators 


AUTO - 
¢ displays frequency automatically tuned by the FMC 
¢ display is blank when MANUAL tuning is selected 
e displays dashes during agility tuning. 
MANUAL - 
¢ indicates the frequency selected by the frequency selector 


¢ ared bar appears over MANUAL frequency when AUTO tuning is 
selected. 


@p VOR/DME TEST Switch 


VOR - 
¢ with a VOR frequency tuned and a course of 000 selected: 
¢ deviation bar moves to centered position 
¢ bearing pointer slews to 180 degrees 
¢ the TO/FROM ambiguity indicates FROM. 
DME -— 
¢ with a DME tuned: 
e shows DME fail flag 
¢ DME displays dashes 
¢ all zeroes (not to exceed 000.5) appear. 
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@® ILS TEST Switch 


UP/LT — 
e With ILS frequency tuned and a course within 90 degrees of airplane 
heading: 
* pointers display one dot up and one dot left. 
DN/RT — 


¢ With ILS frequency tuned and a course within 90 degrees of airplane 
heading: 
* pointers display one dot low and one dot right. 


@p AUTO/MANUAL Switch 
AUTO (illuminates white) — tuning automatically accomplished by the FMC. 


MANUAL (illuminates white) — tuning accomplished manually by rotating the 
frequency selector. 


@&p Frequency Selector 


Rotate — manually selects the desired frequency. 


VHF NAV Transfer Switch 


FORWARD OVERHEAD PANEL 


VHF NAV Transfer Switch 

BOTH ON | - switches the VHF navigation source to VHF NAV receiver No. 1. 
NORMAL - VHF navigation source is from default VHF NAV receiver. 

BOTH ON 2 - switches the VHF navigation source to VHF NAV receiver No. 2. 
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Transponder Panel 


in FAULT | DENT 


eB ALT RPTG 


STBY 
1 
TEST. TEST 


3 
[> As installed 


AFT ELECTRONIC PANEL 


Altitude Reporting (ALT RPTG) Switch 
1 — enables altitude reporting from air data computer No. 1. 
OFF — transponder operates without altitude reporting. 


2 — enables altitude reporting from air data computer No. 2. 


@p ATC Code Indicator 


Shows transponder code. 


ep ATC Code Selectors 


Rotate — sets transponder code in transponder. 


@® FAULT Light 


Illuminated (amber) — indicates transponder malfunction. 


@&p Identification (IDENT) Switch 


Push — transmits an identification signal. 


@p Transponder Mode Selector 

TEST -— starts ATC transponder functional test for transponder No. 1. 
1 — selects transponder No. 1. 

STBY — does not transmit. 

2 — selects transponder No. 2. 


TEST -— starts ATC transponder functional test for transponder No. 2. 
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GP © TAS A A H A FAIL 
€ep 1 O ATC 1 
ATC O Qn | 
ED | DENT 7) 
2 2 


C4] 
[t>As installed 


AFT ELECTRONIC PANEL 


Transponder Switch 


TEST — the ATC FAIL light illuminates to indicate the selected transponder is 


operational. 


STBY -— disables transponder modes. 


Note: Transponder modes are enabled only when the airplane is airborne, except 
for mode S, which operates continuously when the transponder mode 


selector is out of STBY. 


ALT OFF - transponder operates without altitude reporting. 


ALT ON - transponder operates with altitude reporting. 
TA — enables display of traffic advisory TCAS targets. 


TA/RA — enables display of traffic advisory and resolution advisory TCAS targets. 


Refer to Chapter 15, Warning Systems. 


@® Air Traffic Control (ATC) Code Selector 


Rotate — sets transponder code in transponder. 


p Transponder Selector 
1 — selects transponder No. 1. 


2 — selects transponder No. 2. 


@®P Identification (ATC IDENT) Switch 


Push — transmits an identification signal. 
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q@p ATC Code Indicator 
Shows transponder code. 


Shows operating transponder (1 or 2). 


@p Transponder (ATC) FAIL Light 


Illuminated — indicates transponder malfunction or test. 


Altitude Reporting Switch 
1 — enables altitude reporting from ADC No. 1. 
2 — enables altitude reporting from ADC No. 2. 


Weather Radar Panel 


ep _ 


| 
GD 


FORWARD ELECTRONIC PANEL 


Weather Radar Mode Switches 
Push — selects mode. 
¢ TEST — shows test pattern on map display with WXR selected (except in 
PLAN mode) and tests transmitter (transmits only up to one second). 
¢ WX - shows weather radar returns at selected gain level 
¢ WX4T (turbulence) — shows weather radar returns and turbulence. 
Turbulence display is available on the EHSI if the selected map range is 
50 nautical miles or less 
Note: Turbulence detection requires presence of detectable precipitation. 
Clear air turbulence cannot be detected by radar. 


e MAP - shows ground returns at selected gain level 
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¢ IDNT - suppresses ground return in WX and WX+T modes 


Note: Continuous operation is not recommended because weather return 
intensity may be reduced. 


¢ STAB - stabilizes the system from the IRS, placing the antenna under 
control of the receiver—transmitter to correct for changes in airplane 
attitude. 


@® GAIN Control 
Rotate — sets gain in WX, WX+T, and MAP modes. 


CAL (calibrated) — gain is set to calibrated level in the full counterclockwise 
position. 


ep TILT Control 
Rotate clockwise — radar antenna tilts up to selected degrees from horizon. 


Rotate counterclockwise — radar antenna tilts down to selected degrees from 
horizon. 
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Flight Management, Navigation Chapter 11 


Navigation Systems Description Section 20 


Introduction 


Navigation systems include the flight management system (FMS); inertial 
reference system (IRS); radio navigation systems (ADF, DME, ILS, marker 
beacons, and VOR); transponder; and weather radar. 


Flight Management System 


The flight management system (FMS) is comprised of the following components: 
¢ flight management computer system (FMCS) 
¢ autopilot/flight director system (AFDS) 
¢ autothrottle (A/T) 
¢ inertial reference systems (IRS). 


Each of these components is an independent system, and each can be used 
independently or in various combinations. The term FMS refers to the concept of 
joining these independent components together into one integrated system which 
provides continuous automatic navigation, guidance, and performance 
management. 


The integrated FMS provides centralized flight deck control of the airplane’s 
flight path and performance parameters. The flight management computer, or 
FMC, is the heart of the system, performing navigational and performance 
computations and providing control and guidance commands. 


The primary flight deck controls are the AFDS MCP, two control display units 
(CDUs), and two electronic flight instrument system (EFIS) control panels. The 
primary displays are the CDUs, electronic attitude director indicator (EADD, 
electronic horizontal situation indicator (EHSI), and thrust mode display. 


The FMC uses crew entered flight plan information, airplane systems data, and 
data from the FMC navigation database and performance database to calculate 
airplane present position, and pitch, roll, and thrust commands required to fly an 
optimum flight profile. The FMC sends these commands to the autothrottle, 
autopilot, and flight director. Map and route information are sent to the respective 
pilot’s EHSI. The EFIS control panels are used to select the desired information 
for navigation display. The mode control panel is used to select the autothrottle, 
autopilot, and flight director operating modes. 
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Inertial System 


The inertial system computes airplane position, ground speed, and attitude data for 
the flight instruments, flight management system, autoflight system, and other 
systems. The major components of the inertial system are the inertial reference 
units (IRUs), an inertial system display unit (ISDU), IRS mode selector unit 
(MSU), and an IRS transfer switch. 


Inertial Reference System 


Two independent IRSs are installed. Each IRS has three sets of laser gyros and 
accelerometers. The IRSs are the airplane’s sole source of attitude and heading 
information, except for the standby attitude indicator and standby magnetic 
compass. 


In their normal navigation mode, the IRSs provide attitude, true and magnetic 
heading, acceleration, vertical speed, ground speed, track, present position, and 
wind data to appropriate airplane systems. IRS outputs are independent of external 
navigation aids. 


IRS Alignment 


An IRS must be aligned and initialized with airplane present position before it can 
enter the NAV mode. The present position is normally entered through the FMC 
CDU. If the present position cannot be entered through the FMC CDU, it may be 
entered through the ISDU keyboard. The airplane must remain stationary during 
alignment. 


Normal alignment, between 70° 12’ north and 70° 12’ south latitudes is initiated 
by rotating the MSU switch from OFF to NAV. The IRS performs a short power 
test, during which the ON DC light illuminates. When the ON DC light 
extinguishes and the ALIGN light illuminates, the alignment process begins. 
Airplane present position should be entered at this time. The IRS will 
automatically enter the NAV mode after approximately 10 minutes, and the 
ALIGN light will extinguish. 


High latitude alignment, at latitudes between 70° 12’ and 78° 15’, requires an 
extended alignment time. Alignment is initiated by rotating the MSU switch from 
OFF to ALIGN. After 17 minutes the MSU switch must be rotated to the NAV 
position. The IRS will then immediately enter the NAV mode. 


Magnetic variation between 73° north and 60° south is stored in each IRS 
memory. The data corresponding to the present position are combined with the 
true heading to determine magnetic heading. If magnetic variation information is 
not available, special navigation equipment is required to provide true heading to 
the EHSIs. 
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If the latitude/longitude position is not within 4 NM of the origin airport, the CDU 
scratchpad message VERIFY POSITION is displayed. If the entered 
latitude/longitude position does not pass the IRS internal comparison tests, the 
scratchpad message ENTER IRS POSITION is displayed. 


The flashing ALIGN light alerts the crew that the position entered does not pass 
one of the two internal comparison tests and should be checked for accuracy. If the 
entered position does not agree with the last stored position, the first internal test 
is failed, and the ALIGN light will flash. If the same position is reentered, the IRS 
will accept the position and continue the alignment process. A second internal 
position test compares the entered latitude with the system-computed latitude. If 
this test is failed, the ALIGN light will again flash. If two consecutive entries of 
the same position do not pass the second internal position test, the FAULT light 
will illuminate. If the test is passed, the IRS will proceed to complete the 
alignment process and enter NAV mode. 


During transit or through—flight stops with brief ground times, a thirty second fast 
realignment and zeroing of ground speed error may be performed by selecting 
ALIGN while the airplane is parked. Present position should be simultaneously 
updated by manually entering latitude and longitude prior to selecting NAV. 


Note: If the airplane is moved during alignment or fast realignment, the IRSs 
automatically begin the full alignment process, and shutdown is not 
necessary. 


Loss of Alignment 


If an IRS loses both AC and DC power, the alignment is lost. Alignment can be 
lost if the MSU switch is moved out of the NAV position. 


If alignment is lost in-flight, the navigation mode (including present position and 
ground speed outputs) is inoperative for the remainder of the flight. However, 
selecting ATT allows the attitude mode to be used to relevel the system and 
provide an attitude reference. The attitude mode requires approximately thirty 
seconds of straight and level unaccelerated flight to complete releveling. Some 
attitude errors may occur during acceleration, but will be slowly removed after 
acceleration stops. 


The attitude mode can also provide heading information, but to establish compass 
synchronization the crew must manually enter the initial magnetic heading. Drift 
of up to 15 degrees per hour can occur in the IRS heading. Therefore, when in ATT 
mode, an operating compass system must be periodically cross—checked and an 
updated magnetic heading entered in the IRS, as required. 
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IRS Entries 


Manual IRS entries of present position or magnetic heading are normally 
accomplished on the POS INIT page of the FMC/CDU. The ISDU may also be 
used. 


IRS Power 


The IRSs can operate on either AC or DC power. The left IRS is normally powered 
from the AC standby bus, and the right IRS from the AC transfer bus 2. If AC 
power is not normal, either or both systems automatically switch to backup DC 
power from the switched hot battery bus. Backup DC power to the right IRS is 
automatically terminated if AC power is not restored within five minutes. 

Initial power-up requires battery bus power available and the IRS mode selector 
to be in ALIGN, NAV, or ATT. If the IRS is turned off, it must complete a full 
realignment cycle before the airplane can be moved. 

If AC electrical power is subsequently removed from the airplane, the switched 
hot battery bus continues to supply electrical power to the IRS. The ON DC light 
illuminates, and the horn in the landing gear wheel well sounds to alert 
maintenance personnel that the IRS is on battery power. 

When the IRS mode selector is turned OFF, the IRS remains powered for 
approximately 30 seconds. The ALIGN light illuminates until the system is 
completely shut down. 


Inertial System Display Unit (ISDU) 


The ISDU is located on the aft overhead panel and displays data according to the 
position of the display selector and system selector. The ISDU also contains a 
keyboard for entry of present position and heading. 


Mode Select Unit (MSU) 


The MSU is located on the aft overhead panel and is used to select the operating 
mode for each IRS. Indicator lights on the MSU show status of each IRS. 


IRS Transfer Switch 


Should either IRS fail, the IRS transfer switch is used to switch all associated 
systems to the functioning IRS. 
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IRS Instrument Transfer Switch Schematic 


NO. 1 EFIS NO. 2 EFIS 
SYMBCL SYMBOL 
GENERATOR GENERATOR 


[D> AUTOTHROTTLE 


COVPUTER HAS 
AUTOVATI C SW TCHI NG 
CAPABI LI TY BETWEEN 
THE LEFT AND 

RI GHT | RSs. 


Radio Navigation Systems 
Automatic Direction Finding (ADF) 


An automatic direction finding (ADF) system enables automatic determination of 


magnetic and relative bearings to selected facilities. 


Two ADF receivers are installed. The ADF bearing signals are sent to the pointers 
on the EHSIs and RDMIs. The audio is heard by using the ADF receiver control 
on the audio selector panel. 
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If heading or track information is lost or invalid, ADF bearing pointers on the 
EHSI will not be displayed, and the ADF bearing pointers on the RDMI will not 
display the correct magnetic bearing. Relative bearings indicated by pointers may 
be correct if the receiver is operating. 


Distance Measuring Equipment (DME) 


Two DME systems are installed. Each may be tuned automatically by the FMC or 
manually on the VHF navigation control panel. The position of the 
AUTO/MANUAL switch determines the tuning mode. 


With the AUTO mode selected, the FMC autotunes DME receivers as necessary 
for position updating. During normal operations, two different DME signals or a 
collocated DME and VOR signal provide an accurate radio geographical position 
to the FMC. 


DME distance is displayed on the EHSIs and RDMIs when the receivers are tuned 
to a VOR/DME station or a collocated DME and localizer facility. 


Instrument Landing System (ILS) 


Two ILS receivers are installed. They are controlled by manual tuning on the VHF 
navigation control panels. 


ILS information is displayed on the EADIs and EHSIs. The ILS localizer and 
glideslope can also be displayed on the standby horizon. 


LOC updating of the FMC occurs only after the ILS is manually tuned.The tuned 
ILS frequency is displayed in the VOR/ILS display mode. 


Very High Frequency Omni Range (VOR) 


Two VOR receivers and two control panels are installed. The VHF navigation 
control panel is used to select VOR and ILS frequencies. Each may be tuned 
automatically by the FMC or manually on the VHF navigation control panel. The 
position of the AUTO/MANUAL switch determines the tuning mode. 


VOR information is displayed on the EHSIs and RDMIs. VOR—DME radio 
updating is available in the automatic or manual modes if a valid, in—range, 
VOR-DME station is selected. 


Left and right VOR bearings are displayed on the RDMI when a valid in—range 
VOR station is tuned and the respective VOR/ADF bearing pointer switch is in the 
VOR position. The EHSI displays course deviation when operating in the VOR 
mode. 


VHF NAV Transfer Switch 


Should either VOR receiver fail, the VHF NAV transfer switch enables selection 
of the opposite VHF NAV receiver for display. 
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ATC Transponder 


Two ATC transponders are installed and controlled by a single control panel. The 
ATC transponder system transmits a coded radio signal when interrogated by ATC 
ground radar. Altitude reporting capability is provided. 


On airplanes with TCAS, TCAS is controlled from the transponder panel. The 
TCAS system is described in Chapter 15. 


Weather Radar 


The X band color weather radar system detects and locates various types of 
precipitation bearing clouds along the flight path of the airplane and gives the pilot 
a visual indication in color of the clouds’ intensity. 


In WX mode, the radar displays a cloud’s rainfall intensity by displaying colors 
contrasted against a black background. Areas of heaviest rainfall appear in red, the 
next level of rainfall in yellow, and the least rainfall in green. 


In WX+T mode, the radar displays normal precipitation and precipitation 
associated with turbulence. When the radar detects a horizontal flow of 
precipitation with velocities of 5 or more meters per second toward or away from 
the radar antenna, that target display becomes magenta. This magenta area is 
associated with heavy turbulence. The detection of turbulence is automatically 
limited to a 50 nautical mile range, regardless of the selected range. 


In MAP mode, the radar displays surfaces in red, yellow, and green (most 
reflective to least reflective). 


These displays enable identification of coastlines, hilly or mountainous regions, 
cities, or large structures. Ground mapping mode can be useful in areas where 
ground-based navigation aids are limited. 


The radar system performs only the functions of weather detection and ground 
mapping. It should not be used or relied upon for proximity warning or 
anticollision protection. 


The IDNT mode activates the ground clutter reduction feature. Signals that are 
determined to have a high probability of originating from ground returns will be 
automatically removed from the display. Some portions of weather targets may be 
removed as well. The IDNT mode is provided for analysis by the pilot and is not 
for continuous use. 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE 11.20.7 


Flight Management, Navigation - 
Navigation Systems Description QSOEING 
737 Operations Manual 
Intentionally 
Blank 


Copyright © The Boeing Company. See title page for details. 


11.20.8 D6-27370-400E-TBCE December 1, 2000 


QL SOEING 


737 Operations Manual 


Flight Management, Navigation Chapter 11 


Flight Management System Description Section 30 


Introduction 


The flight management system (FMS) aids the flight crew in managing automatic 
navigation, in-flight performance optimization, fuel monitoring, and flight deck 
displays. Automatic flight functions manage the airplane lateral flight path 
(LNAV) and vertical flight path (VNAV). The displays include a map for airplane 
orientation and command markers (bugs) on the airspeed and N1 indicators to 
assist in flying efficient profiles. 


The flight crew enters the desired route and flight data into the CDUs. The FMS 
then uses its navigation database, airplane position, and supporting system data to 
calculate commands for manual or automatic flight path control. 


The FMS can automatically tune the navigation radios and determine LNAV 
courses. The FMS navigation database provides the necessary data to fly routes, 
SIDs, STARs, holding patterns, and (U7) procedure turns. (U7) Lateral offsets 
from the programmed route can be calculated and commanded. 


For vertical navigation, computations include items such as fuel burn data, 
optimum speeds, and recommended altitudes. Cruise altitudes and crossing 
altitude restrictions are used to compute VNAV commands. When operating in the 
Required Time of Arrival (RTA) mode, the computations include required speeds, 
takeoff times, and en route progress information. 


Flight Management Computer (FMC) 


The basis of the flight management system is the flight management computer. 
Since the term FMC is universally understood, it is used here for standardization 
and simplification. 


Different FMC configurations may be installed due to a software update program. 
The terminologies “U5” and “U7” are used throughout the manual when 
necessary to identify information which is unique to these specific FMC 
configurations. References to U7 will be used for information not specific to U7.5. 
The FMC/CDU IDENT page permits flight crew identification of the installed 
update. 
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The FMC uses flight crew-entered flight plan information, airplane systems data, 
and data from the FMC navigation database to calculate airplane present position, 
and pitch, roll, and thrust commands required to fly an optimum flight profile. The 
FMC sends these commands to the autothrottle, autopilot, and flight director. Map 
and route information are sent to EHSIs. The EFIS control panels are used to 
select the desired information for EHSI display. The mode control panel is used to 
select the autothrottle, autopilot, and flight director operating modes. Refer to the 
following chapters for operation of these other systems: 


¢ Chapter 4, Automatic Flight 
¢ Chapter 10, Flight Instruments, Displays. 


The FMC and CDU are used for en route and terminal area navigation and to 
supplement primary navigation means when conducting other types of 
nonprecision approaches. 


The FMC satisfies the requirements of Basic Area Navigation (B—RNAV) when 
operated in accordance with this Operations Manual. 


A single FMC is not certified as a sole source of navigation system. It is certified 
to navigate accurately in conjunction with an accurate radio navaid environment. 


Airplanes which are equipped with the Alternate Navigation System (ANS) are 
certified for operations outside radio navaid coverage, due to the independent 
position monitoring capability afforded by the ANCDU and the capability to 
navigate using the IRS positions if the FMC position should become unreliable. 


When external position updating is not available, the FMC uses the IRS position 
as reference. When the IRS is the only position reference, the FMC applies an 
automatic correction to the IRS position to determine the most probable FMC 
position. This correction factor is developed by the FMC’s monitoring IRS 
performance during periods of normal position updating to determine the typical 
IRS error value. It is important to note that, when external position updating is not 
available, navigation accuracy may be less than required. Flight crews should 
closely monitor FMC navigation, especially when approaching the destination. 
The accuracy of the FMC navigation should be determined during descent phase 
by using radio navaids and radar information if available. 


Note: Inaccurate position updating may cause the airplane to deviate from the 
desired track. 


Control Display Units (CDUs) 


Two identical, independent CDUs provide the means for the flight crew to 
communicate with the FMC. The crew may enter data into the FMC using either 
CDU, although simultaneous entries should be avoided. The same FMC data and 
computations are available on both CDUs; however, each pilot has control over 
what is displayed on an individual CDU. 
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On airplanes with ANCDUs, each CDU also has an alternate mode of operation 
using its own internal computer. This ANCDU capability is similar to an inertial 
navigation system and allows parallel operation independent of the FMC, or 
backup operation in the event of FMC failure. The ANCDU provides lateral 
navigation capability only. ANCDU navigation is always based on IRS position 
only. 
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Flight Management System Operation Section 31 


Introduction 


When first powered, the FMS is in the preflight phase. As a phase is completed, 
the FMS automatically transitions to the next phase in this order: 


¢ preflight ¢ descent 

¢ takeoff * approach 

¢ climb ¢ flight complete. 
* cruise 

Preflight 


During preflight, flight plan and load sheet information are entered into the CDU. 
The flight plan defines the route of flight from the origin to the destination and 
initializes LNAV. Flight plan and load sheet information provide performance 
information to initialize VNAV. 


Required preflight information consists of: 


¢ initial position ¢ performance data 
¢ route of flight ¢ takeoff data. 
Optional preflight data includes: 
* navigation database ¢ RTA data 
e SID * cruise wind 
¢ STAR ¢ reduced takeoff and climb 


thrust limits. 
Each required or optional data item is entered on specific preflight pages. 


Preflight begins with the IDENT page. If the IDENT page is not displayed, it can 
be selected from the IDENT prompt on the INIT/REF INDEX page. Visual 
prompts provide assistance in selecting the appropriate CDU pages. Preflight 
pages can be manually selected in any order. 


After entering and checking the necessary data on each preflight page, the lower 
right line select key is pushed to select the next page. When ACTIVATE is selected 
on the RTE page, the execute light illuminates. The EXEC key is then pushed to 
complete the task of making the route active before continuing with the preflight. 


If a standard instrument departure (SID) is to be entered into the route, the 
departure/arrival (DEP/ARR) page is selected. After selecting the desired SID, the 
resulting modification must be appropriately linked to the existing route and 
executed. This can be accomplished on the RTE or RTE LEGS page. 


When all required preflight entries are complete, the preflight status prompts on 
the TAKEOFF REF page are no longer displayed. 
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The takeoff phase begins with selection of TO/GA and extends to the thrust 
reduction altitude where climb thrust is normally selected. 


Climb 


The climb phase begins at the thrust reduction altitude and extends to the top of 
climb (T/C) point. The T/C point is where the airplane reaches the cruise altitude 
entered on the PERF INIT page. 

Cruise 

The cruise phase begins at the T/C point and extends to the top of descent (T/D) 
point. Cruise can include step climbs and en route descents. 

Descent 


The descent phase begins at the T/D point or when either a level change or vertical 
speed descent is initiated. The descent phase extends to the beginning of the 
approach phase. 

Approach 

The approach phase begins two miles from the first waypoint of a published 


approach or approach transition selected from the ARRIVALS page. 


Flight Complete 


After landing, the flight complete phase clears the active flight plan and load data. 
Some preflight data fields initialize to default values in preparation for the next 
flight. 


FMC and CDU Terminology 


The following paragraphs describe FMC and CDU terminology. 
Active — flight plan information currently being used to calculate LNAV or VNAV 
guidance commands. 
Activate — designating an entered route as the active route for navigation. It is a 
two step process: 

¢ push the ACTIVATE prompt 

* push the execute (EXEC) key. 
Altitude restriction — a crossing restriction at a waypoint. 


Delete — remove FMC data and revert to default values, dash or box prompts, or a 
blank entry using the DELETE key. 
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Econ — a speed schedule calculated to minimize operating cost. The economy 
speed is based on the flight crew CDU-entered cost index. A low cost index 
reflects high fuel costs and results in a lower cruise speed. 


Enter — placing an entry into the CDU scratchpad and then line selecting the 
information to the desired location. New characters can be typed, or existing data 
can be line selected into the scratchpad. 


Erase — removing flight crew—entered information, which has resulted in a 
modification, by pushing the ERASE prompt. 


Execute — making modified information part of the active flight plan by pushing 
the EXEC key. 


Inactive — route, climb, cruise, or descent information not currently being used to 
calculate LNAV or VNAV commands. 


Initialize — entering information required to make the system operational. 


Message — information the FMC automatically writes in the scratchpad to inform 
the flight crew of a system condition. 


Modify — active data that is changed but not yet executed. When a modification is 
made to the active route or performance mode, MOD is displayed in the page title, 
ERASE appears next to line select key 6 left, and the execute key illuminates. 


Prompt — CDU displays that aid the flight crew in accomplishing a task. Prompts 
can be boxes, dashes, or a careted (< or >) line to remind the flight crew to enter 
or validate information. 


Select — pushing a key to obtain the desired information or action, or to copy 
selected data to the scratchpad. 


Speed restriction — an airspeed limit associated with a specified altitude or 
waypoint. 


Waypoint — a point on the route. It can be a fixed point such as a latitude and 
longitude, VOR or ADF station, airway intersection, or a non-fixed point such as 
a conditional waypoint. A conditional waypoint is not necessarily associated with 
a land reference; it reflects a time position, or altitude requirement. An example 
of a conditional waypoint is “when reaching 1000 feet’. 


Maintenance Index Page 


The MAINT BITE INDEX page is available only on the ground and provides 
access to data for use by maintenance personnel. 
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INDEX 
Displays the INIT/REF INDEX page. 


Navigation Position 


The FMC determines present position from the IRS and navigation radios. The 
FMC uses its calculated present position to generate lateral steering commands 
along the active leg to the active waypoint. 


FMC Position Update 
On the ground, the FMC calculates present position based on IRS data. 
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On the ground prior to takeoff, FMC position update to the takeoff runway 
threshold position can be done on the TAKEOFF REF page. 


In flight, the FMC position is continually updated from the navigation radios and 
IRS. Updating priority is based on the availability of valid data from the 
supporting systems. 


The FMC position is derived from a mathematical combination of the positions 
determined by the IRS and radio systems. It represents the FMC’s estimate of the 
actual position of the airplane. Its accuracy varies according to the accuracy of the 
other position determining systems. 


FMC position updates from navigation sensor positions are used in the following 
priority order: 

¢ two or more DME stations 

¢« one VOR with a collocated DME 

¢ one localizer and collocated DME 

¢ one localizer. 


The station identifiers and frequencies of the selected radio navigation aids are 
displayed on the (U5) PROGRESS and POS SHIFT pages or (U7) NAV STATUS 
page 1/2. 


With the AUTO/MANUAL switch in AUTO, DME radios are automatically 
tuned by the FMC. The stations to be tuned are selected based upon the best 
available signals (in terms of geometry and strength) for updating the FMC 
position. Radio position is determined by the intersection of two DME arcs. 


AUTO tuning uses any of several radio modes. The primary mode tunes the radios 
to separate DME-capable stations. If required, a single radio can cycle between 
two DME-capable stations. This process is referred to as “agility tuning.” The 
lowest priority radio mode is the use of both VOR and DME from a single station. 
The FMC does not use VOR information beyond a range of 25 NM. 


Note: With both navigation radios in AUTO tuning, if the FMC determines that 
a navigation radio is unreliable for position updating, it deselects the 
unreliable radio and uses the good radio for agility tuning. 108.0 is 
displayed in the automatic frequency indicator. 


With the radios selected to MAN, the FMC continues to update its position using 
manually tuned DME or VOR/DME stations if the tuned stations meet the FMC 
position updating requirements. ILS frequencies can only be tuned manually, 
although the FMC will also tune a DME associated with an ILS frequency. 
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FMC position fixing is more accurate when using DME information only. Best 
accuracy is with AUTO DME-DME tuning, because the FMC selects stations 
based on best geometry. Position fixing based on VOR/DME updating is less 
accurate due to inherent VOR bearing errors, especially when tuning manually. If 
desired, the crew may inhibit the use of VOR bearing or DME information from 
a specific VOR/DME station. 


If the DME radios fail, or if suitable DME stations are not available, FMC 
navigation is based on IRS position information only. The two VHF Nav radios 
are used by the FMC for localizer updating during an ILS approach and by the 
crew for navigation monitoring. 


Note: The FMC is designed to automatically reject unreliable navaid data during 
FMC position updating. However, in certain conditions, navaids which are 
in error may satisfy the reasonableness criteria and provide the FMC with 
an inaccurate radio position. One of the most vulnerable times is when a 
radio position update occurs just after takeoff. This is usually manifested 
in an abrupt heading correction after engaging LNAV. The position shift 
can be seen on the map, which will shift the desired track and runway 
symbol to a position significantly different from that displayed during 
ground roll. If the flight crew observes either of these indications, and an 
extended period of IRS NAV ONLY flight follows, the FMC should be 
carefully monitored. 


When adequate radio updating is not available, the EHSI map may display a shift 
error. This error results in the displayed position of the airplane, route, waypoints, 
and navigation aids being shifted from their actual positions. 


An across track, undetected map shift may result in the airplane flying a ground 
track that is offset from the desired track. An along track, undetected map shift 
may result in the flight crew initiating altitude changes earlier or later than desired. 
In either case, an undetected map shift may compromise terrain or traffic 
separation. 


Map shift errors can be detected by comparing the position of the airplane on the 
EHSI map with data from the ILS, VOR, DME, and ADF systems. 
Navigation Performance (U7) 


The FMC uses data from the navigation systems to accurately calculate the 
position of the airplane. The current FMC position is shown on line | of the POS 
REF page 2/3. 
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Actual Navigation Performance (ANP) 


Actual navigation performance (ANP) is the FMC’s estimate of the quality of its 
position determination. It is shown on POS SHIFT page 3/3 and on RTE LEGS 
pages. ANP represents the estimated maximum position error with 95% 
probability. That is, the FMC is 95% certain that the airplane’s actual position lies 
within a circle with a radius of the ANP value around the FMC position. The lower 
the ANP value, the more confident the FMC is of its position estimate. 


Required Navigation Performance (RNP) 


The FMC supplies a default required navigation performance (RNP) value for 
takeoff, en route, oceanic, terminal, and approach phases of flight. RNP can also 
be supplied by the Navigation Database or may be entered by the crew. Actual 
navigation performance should not exceed RNP. 


If ANP exceeds a Navigation Database or crew entered RNP value, the message 
UNABLE REQD NAV PERF-RNP appears. If ANP exceeds a default RNP 
value, the IRS NAV ONLY message appears. RNP is shown on POS SHIFT page 
3/3 and on RTE LEGS pages. 
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Lateral Navigation (LNAV) 


LNAV provides steering commands to the next waypoint. If selected, LNAV 
engages when laterally within 3 nautical miles of the active route leg. If outside of 
3 nautical miles of the active route leg, LNAV engages if on an intercept heading 
of 90 degrees or less and the intercept will occur before the active waypoint. FMC 
LNAV guidance normally provides great circle courses between waypoints. 
However, when an arrival or approach from the FMC database is entered into the 
active route, the FMC can supply commands to fly a constant heading, or track, as 
required by the procedure. 


Waypoints 
Waypoint (navigation fix) identifiers are displayed on the CDU and EHSI. 


The CDU message NOT IN DATA BASE is displayed if a manually entered 
waypoint identifier is not stored in the database. The waypoint can still be entered 
as a latitude/longitude, place—bearing/distance, or place—bearing/place—bearing 
waypoint. 

FMC-generated waypoints contain a maximum of five characters assigned 
according to the following rules. 


Navaid Waypoint Names 
VHE - waypoints located at VHF navaids (VOR/DME/LOC) are identified by the 
official one, two, three, or four character facility identifier. Examples: 

¢ Los Angeles VORTAC —- LAX 

¢ Tyndall TACAN — PAM 

e Riga, Latvia — RIX. 
NDB - waypoints located at NDBs are identified by use of the station identifier. 
Example: 

¢ FORT NELSON, CAN - YE. 
Fix Waypoint Names 
Fixes with one—word names — waypoints located at fixes with names containing 
five or fewer characters are identified by the name. Examples: 

¢ DOT 

« ACRA 

e ALPHA. 
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Names with more than five characters are abbreviated using the following rules 
sequentially until five characters remain. Double letters are deleted. Examples: 

¢ KIMMEL becomes KIMEL 

« COTTON becomes COTON 

¢ RABBITT becomes RABIT. 
Keep the first letter, first vowel and last letter. Delete other vowels starting from 
right to left. Examples: 

¢ ADOLPH becomes ADLPH 

¢ BAILEY becomes BAILY 

¢ BURWELL becomes BURWL. 
Keep the last letter, then delete consonants from right to left. Examples: 

¢ ANDREWS becomes ANDRS 

¢ BRIDGEPORT becomes BRIDT 

¢ HORSBA becomes HORSA. 
Fixes with multiword names use the first letter of the first word and abbreviate the 
last word, using the above rules sequentially until a total of five characters remain. 
Examples: 

¢ CLEAR LAKE becomes CLAKE 

¢ ROUGH ROAD becomes RROAD. 


Unnamed Point Waypoint Names 


Unnamed turn points, intersections, and DME fixes — if an unnamed turn point, 
intersection, or fix is collocated with a named waypoint or navaid on a different 
route structure (such as low altitude routes or an approach), the name or identifier 
of the collocated waypoint is used. Example: 
¢ unnamed turn point on J2 between the Lake Charles (LCH) and New 
Orleans (MSY) VORTACS is coincidental with the Lafayette (LFT) low 
altitude VORTAC. LFT is used as the identifier for the turn point. 


Identifier codes for unnamed turn points not coincidental with named waypoints 
are constructed from the identifier of a navaid serving the point and the distance 
from the navaid to the point. If the distance is 99 nautical miles or less, the navaid 
identifier is placed first, followed by the distance. If the distance is 100 nautical 
miles or more, the last two digits are used and placed ahead of the navaid 
identifier. Examples (NAVAID — DISTANCE — IDENT): 

¢ INW - 18-INWI18 

¢ CSN — 106 —- 06CSN 

¢ TCS —89-TCS89. 
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Unnamed flight information region (FIR), upper flight information region (UIR), 
and controlled airspace reporting points — waypoints located at unnamed FIR, 
UIR, and controlled airspace reporting points are identified by the three-letter 
airspace type identification followed by a two-digit sequence number. 


Unnamed oceanic control area reporting points — positions in the northern 
hemisphere use the letters N and E, while positions in the southern hemisphere use 
the letters S and W. Latitude always precedes longitude. For longitude, only the 
last two digits of the three digit value are used. 


Placement of the designator in the five character set indicates whether the first 
longitude digit is 0 or 1. The letter is the last character if the longitude is less than 
100° and is the third character if the longitude is 100° or greater. 


N is used for north latitude, west longitude. E is used for north latitude, east 
longitude. S is used for south latitude, east longitude. W is used for south latitude, 
west longitude. Examples: 


¢ N50° W040° becomes 5040N e¢ §$52° W075° becomes 5275W 
¢ N75° W170° becomes 75N70 ¢ S07° W120° becomes 07W20 
e N50° E020° becomes 5020E e¢ §50° E020° becomes 5020S 
¢ N06° E110° becomes 06E10 ¢ S06° E110° becomes 06S10. 


Procedure Arc Fix Waypoint Names 


Unnamed terminal area fixes along a DME arc procedure — unnamed fixes along 
a DME arc procedure are identified with the first character D. Characters 2 
through 4 indicate the radial on which the fix lies. The last character indicates the 
arc radius. The radius is expressed by a letter of the alphabet where A = 1 mile, B 
= 2 miles, C = 3 miles, and so forth. Examples: 

e EPH252°/24 = D252X 

e EPH145°/24 = D145x 

* GEG006°/20 = DOO6T. 
An unnamed waypoint along a DME arc with a radius greater than 26 miles is 
identified as an unnamed turn point that is not coincidental with a named 
waypoint. Examples: 

¢ CPR338°/29 = CPR29 

* GEG079°/30 = GEG30. 
When there are multiple unnamed waypoints along a DME arc with a radius 
greater than 26 miles, the station identifier is reduced to two characters, followed 
by the radius, and then a sequence character. Examples: 

¢ CPR134°/29 = CP29A 

¢ CPR190° /29 = CP29B 

¢ CPR201°/29 = CP29C. 
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Procedure Fix Waypoint Names 


Marker beacons — a marker beacon is identified by the marker type identifier 
followed by the runway number. Examples: 

¢ Outer Marker 13R = OM13R 

e Middle Marker 21 = MM21. 
Runway-telated fixes — waypoints located at unnamed runway-trelated fixes are 


identified by adding a two-letter prefix to the runway number. The following list 
is used to determine the appropriate prefix: 


e RX -—runway extension fix ¢ BM - back course marker 

e¢ FA -— VFR final approach fix ¢ MD - minimum descent 

¢ CF -—final approach course fix altitude 

¢ FF -— final approach fix e A-—(+an alpha) step down fix 
¢ IF — initial approach fix ¢ RW -runway threshold 

¢ OM - outer marker e MA - missed approach point 

* MM - middle marker other than RW 

¢ TM -—inner marker ¢ TD -— touchdown point inboard 


of RW. 
Examples: OM25L, MMO9, IM23, RW04, RW18L. 


For airports with more than one approach to the same runway, the two letter prefix 
may change to allow different identifiers for the same waypoint. The first letter 
identifies the type of fix and the second letter identifies the type approach as 
follows: 


¢ C()-—final approach course fix ¢ ()L-localizer only 

e F()-—final approach fix ¢ ()B-—backcourse ILS 

¢ P()-— missed approach point ¢ ()D- VOR/DME 

¢ I()-— initial approach fix e« ()V—VOR only 

¢ D()— minimum descent ¢ ()S— VOR with DME points 
altitude * ()N—-NDB 

¢ T()—touch down point * ()Q-NDB with DME points 

¢ R()-runway centerline * ()M-—MLS 
intercept © ()T-Tacan 

* (I-ILS * (R-RNAV. 


Examples: CI32R, PV15, FN24L. 


Unnamed turn points — unnamed turn points that are part of a procedure are 
identified as a latitude and longitude waypoint. These include waypoints (except 
conditional waypoints) defined by flying a course or track from a waypoint 
(except conditional waypoints) to a radial or DME distance. These waypoints are 
automatically entered in a route by selection of a procedure using these waypoints, 
from the departures or arrivals page. 
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Airport reference points — airport reference points are identified by the ICAO 
identifier. 


Duplicate Waypoint Names 


Duplicate identifiers — should application of these rules result in more than one 
waypoint having the same identifier, then a CDU page change occurs when an 
attempt is made to enter the duplicated identifier. The page title is SELECT 
DESIRED WPT. The page lists the latitude and longitude of waypoints with the 
same identifier and the type of facility or waypoint. Selecting the 
latitude/longitude of the desired waypoint enters the correct waypoint on the 
original page. 


Conditional Waypoint Names 


Conditional waypoints are automatically entered into a route as a result of 
selecting a procedure on a DEPARTURES or ARRIVALS page. Normally, 
conditional waypoints cannot be manually entered on a RTE or RTE LEGS page. 
These waypoints are events when a condition occurs and are not at a 
geographically—fixed position. The types of conditions are: 


¢ passing through an altitude ¢ intercepting a course 
¢ flying a heading to a radial or ¢ heading vector to a course or 
DME distance fix. 


Altitude and course intercept conditional waypoints are displayed on the CDU 
inside (parentheses) marks. The following diagram depicts conditional waypoints. 
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Note: All waypoints except BCD and CDE are examples of conditional waypoints. 


Manually Entered Latitude/ Longitude Waypoint Names 


Pilot defined waypoints entered as a latitude and longitude are displayed in a 
five—character format. The first three characters are WPT followed by a two digit 
sequence number. Latitude and longitude waypoints are entered with no space or 
slash between the latitude and longitude entries. Leading zeroes must be entered. 
All digits and decimal points (to 1/10 minute) must be entered unless the latitude 
or longitude are full degrees. Examples: 


¢ N47° W008° is entered as N47W008 and displayed as WPTO1 


¢ N47° 15.4’? W008° 3.4’ is entered as N4715.4W00803.4 and displayed as 
WPTO2. 


Manually Entered Place—Bearing/Distance or Place—Bearing/Place—Bearing 
Waypoint Names 
Waypoints entered as a place—bearing/distance or place—bearing/place—bearing 
are identified by the first three characters of the entry followed by a two-digit 
sequence number. Examples: 

¢ SEA330/10 becomes SEAO1 

¢ SEA330/OLMO020 becomes SEAO?2. 
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Manually Entered Along—Track Waypoint Names 


Along-track waypoints are a special case of place—bearing/distance waypoints 
applied to the current route. When a waypoint is desired on the route where none 
exists, the along—track waypoint feature creates the desired waypoint without 
creating a route discontinuity. 


Along-—track waypoints are entered using the waypoint name (the place), followed 
by a slash and minus sign, for points before the waypoint, or no sign for points 
after the waypoint, followed by the mileage offset for the newly defined waypoint. 
The route course takes the place of the bearing which is not entered. The created 
waypoint is then inserted over the original waypoint. The distance offset must be 
less than the distance between the originating waypoint and next (positive value) 
or preceding (negative value) waypoint. Latitude and longitude waypoints cannot 
be used to create along—track waypoints. Examples: 
¢ VAMPS/25 is 25 miles after VAMPS on the present route, and is 
displayed as VAMO1 


¢ ELN/-30 is 30 miles before ELN on the present route, and is displayed as 
ELNO1. 


EFIS Map Displays 
The route is displayed on the EHSI in the map, center map, and plan modes. The 
display color and format represent the following status: 

* an inactive route is displayed as a cyan dashed line 

¢ an activated but not yet executed route is displayed as a cyan dashed line 

¢ the active route is displayed in magenta 

¢ modifications to an active route are displayed as dashed white lines 

¢ modified waypoints are displayed in white 

¢ (U7) executed route offsets are displayed as a dashed magenta line. 


Vertical Navigation (VNAV) 


VNAV provides vertical profile guidance through the climb, cruise, and descent 
phases of flight. 


Speed/Altitude Restrictions 


VNAV controls the path and speed to comply with waypoint crossing restrictions. 
Waypoint crossing restrictions are entered on the LEGS page waypoint line by 
pushing the appropriate key on the right side of the CDU. Barometric altitude 
restrictions must be below the cruise altitude to be valid. Values entered as part of 
a procedure and manually entered restrictions are displayed in large font. FMC 
predicted values do not act as restrictions, and are displayed in small font. 


Waypoints can have altitude, airspeed, or both airspeed/altitude restrictions. 
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All speed restrictions are considered by the FMC as at or below restrictions. 


At or above altitude restrictions are entered with a suffix letter A (example: 220A). 
At or below altitude restrictions are entered with a suffix letter B (example: 240B). 
Mandatory altitude restrictions are entered without any suffix letter (example: 
270). 


Altitude restrictions that are between two altitudes are displayed with the lower 
limit first, followed by a suffix letter A, then the upper limit, followed by a suffix 
letter B (example: 220A240B). 
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Thrust Reduction 
Climb thrust is selected by pushing the N1 switch. 
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@D VNAV Engagement 


VNAV commands an airspeed increase to the planned climb speed profile, limited 
by configuration. 


ep VNAV Climb 


The VNAV climb profile uses VNAV SPD at the default climb speed or pilot 
selected climb speed to remain within all airspeed and altitude restrictions that are 
part of the SID entered into the active route. Autothrottle uses selected climb 
thrust limit. 


Note: Selection of ENG OUT on the CLB page provides the crew with advisory 
engine out performance information. (Prior to U7.5) If activated all 
subsequent performance predictions are blanked and VNAV is unavailable 
until a climb page other than ENG OUT is activated. 


If the climb speed profile cannot achieve an altitude constraint, the UNABLE 
NEXT ALTITUDE scratchpad message is shown. 


@®D Climb Restrictions 
VNAV enters the VNAV PTH mode to remain within departure or waypoint 
restrictions. Speed maintained during this time can be: 

¢ procedure based speed restriction 

* waypoint speed restriction 

e default VNAV climb speed 

¢ manually entered climb speed. 


@&p Top Of Climb (T/C) 

The point where the climb phase meets the cruise altitude is called the top of 
climb. Approaching this point, the FMC changes from the climb phase to the 
cruise phase. The T/C is displayed any time the FMC computes a transition from 
a climb phase to a cruise phase, such as a step climb. 


The T/C point is displayed on the map as a green open circle with the label T/C. 


Cruise 
At cruise altitude, the FMC sets cruise speed at the default or pilot entered speed 
until reaching the top—of—descent (T/D) point. Alternate cruise speed options are: 
¢ long range (LRC) 
¢ flight crew entered speed. 
Cruise thrust is set as required to maintain level flight at the target speed, with the 


autothrottle engaged. The FMC uses maximum range cruise speed if cost index is 
set to zero. 
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Fuel and ETA predictions are based on a constant altitude cruise unless a step 
climb altitude is entered. 


Step Climb 


If a step climb altitude is entered in the CRZ page STEP altitude, the FMC 
calculates the point where the step climb should begin. 


The distance and ETA to the next step point are shown on the CRZ and 
PROGRESS pages. 


The next step point is shown on the map as a green open circle with the label S/C. 


Descent 


VNAV can perform a descent in either of two modes — path descent or speed 
descent. During a path descent, the FMC uses idle thrust and pitch control to 
maintain a vertical path, similar to a glideslope in three dimensions. During a 
speed descent, the FMC uses idle thrust and pitch control to maintain a target 
descent speed, similar to a level change descent. 


Top Of Descent (T/D) 


The point where the cruise phase changes to the descent phase is the top of 
descent. T/D is calculated from an end of descent (E/D) point. 


The T/D point is displayed on the map as a green open circle with the label T/D. 


On airplanes with FMC update U7.2 and on, intermediate T/D points show on the 
map as green open circles with the label T/D-XXXXX (altitude). Intermediate 
T/D points exist when path segments between altitude constrained waypoints 
produce a level path segment. The intermediate T/D point shows where the 
descent will resume. 


End of Descent (E/D) 


The FMC calculates a descent path based on airspeed restrictions, altitude 
restrictions and the end of descent (E/D) point. The E/D point is shown on the map 
as a green open circle with the label E/D. The E/D is the last of the following 
which is not preceded by a lateral discontinuity: 
¢ (U7) the runway threshold for approaches with a runway waypoint on the 
RTE LEGS page, or 
¢ (U7) the missed approach point for approaches not showing a runway 
waypoint on the RTE LEGS page, or 
¢ the lowest “at” altitude restriction if no arrival procedure is entered. 


Entering an instrument arrival procedure provides an E/D point. 
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If there is no E/D point, FMC predictions assume a computed profile to 1000 feet 
above the destination field elevation, at a position which will vary according to 
selection of arrival procedures. The FMC will provide a slowdown profile for 
approach. VNAV path descent is not available if there is no E/D point. 


VNAV Descent and Approach Path 


The descent path starts at the calculated top of descent (T/D) point and includes 
waypoint altitude restrictions. The path is based on: 
e idle thrust ¢ descent wind speed decreasing 


* speedbrakes retracted with decreasing altitude 
¢ applicable target speed. 


After the first “at” or “at or below” restriction, the path angle is level until 
intercepting the idle thrust descent path to the next altitude constrained waypoint. 


Normally, the target speed is economy speed above the airspeed restriction 
altitude and 240 knots below that altitude, until deceleration for approach. VNAV 
will not permit descent below the airspeed restriction altitude until the airspeed is 
at or below the restricted value plus ten knots. 


The start and end of the airport speed restriction deceleration segment is shown on 
the map as a green open circles with no labels. 


Target speeds are changed by entries on the LEGS or DESCENT pages. Wind and 
thrust assumptions are changed on the DES FORECASTS page. 


VNAV Path Descent 


An E/D point must be defined in order to accomplish a path descent. It may be 
defined manually or by the selection of an arrival procedure. 


The FMC defaults to the path descent mode for planning purposes. If the 
necessary information for a path descent is not available by the time the airplane 
reaches the T/D point, the FMC will revert to the speed descent mode. 


The path descent normally begins automatically at the calculated T/D point, 
provided the MCP altitude is reset for the descent. If descent is not initiated by the 
T/D, a path descent may not be available. At the T/D, the FMC commands idle 
thrust and pitch to follow the descent path. 


The descent complies with waypoint altitude restrictions by following the 
calculated vertical path. 


Note: A path descent uses the target speed for planning purposes only. There is 
no attempt to maintain the target speed. 
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A path descent will automatically revert to a speed descent, or VNAV will 
disengage, if all required parameters are not maintained during descent. 


Note: When descending in VNAV PTH, the FCC will disengage VNAV and 
switch to LVL CHG if actual speed becomes equal to or slightly less than 
the minimum speed, denoted by the underspeed limiting symbol in the 
MCP IASD/Mach window. This can also happen in turbulence or gusty 
conditions when the minimum speed may momentarily increase due to G 
loading. See section 4.20, Minimum Speed Reversion. 


The FMC uses a special program called “Energy Compensation” at certain times 
during an ACT PATH DES. This program goes into effect when the MCP has been 
temporarily set to an altitude above the planned descent path. The airspeed cursor 
will slowly move toward a slower airspeed while the “TARGET” speed on the 
FMC remains constant. The airspeed reduction improves the capability of 
recapturing the planned descent path. When the airplane is cleared to resume the 
descent, the airspeed will slowly build up to the FMC target speed as the airplane 
recaptures the planned descent path. 


The CDU message DRAG REQUIRED is displayed if an unexpected wind results 
in a significant increase in airspeed to maintain path. The CDU message DES 
PATH UNACHIEVEABLE is displayed if the FMC determines that the planned 
descent profile cannot be accomplished. VNAV disengages if a limit speed will be 
exceeded. 


(U7) A path descent must be initiated while within the allowable cross—track error 
for LNAV, however LNAV may be disengaged during descent while remaining in 
the path mode. To maintain a path descent under these conditions, the airplane 
must remain within a distance equal to the RNP from the LNAV course. If this 
distance is exceeded, VNAV will change to speed descent if no vertical angle is 
specified for the current leg. VNAV will disengage if there is a vertical angle 
specified. 


(U5) To initiate a path descent LNAV must be engaged. If LNAV is disengaged 
during a path descent, VNAV will change to a speed descent. 
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Cruise 


Before the top of descent, FMC is in cruise mode and uses VNAV PTH and ECON 
cruise speed. 


@® Descent 


After top of descent, FMC is in descent mode and VNAV changes to economy 
descent speed and descends in VNAV PTH. 


ep Speed Restriction Deceleration 


Before the speed restriction altitude, VNAV decelerates to commanded speed 
using VNAV PTH. 


When at restricted speed, VNAV commands decreased pitch and descends in 
VNAV PTH. 


@® Altitude Restrictions 


The VNAV path conforms to altitude restrictions at MNO, EPG, and the FAF. If 
required, VNAV uses a level path until intercepting the idle thrust descent path to 
the next altitude constrained waypoint. 


q@p Approach 
VNAV descends and starts approach in VNAV PTH at the commanded speed. 


Gp Missed Approach (U7) 


When TOGA is pushed during approach, or when crossing the missed approach 
point, VNAV disengages. 


When VNAV is selected during missed approach, VNAV engages in VNAV SPD. 


Missed Approach Level Off (U7) 
At missed approach altitude VNAV changes to VNAV PTH. 


VNAV Speed Descent 


A speed descent may be selected manually by selecting the SPEED prompt on the 
PATH DES page. With no E/D specified, the speed descent is the only descent 
mode available. 


The speed descent maintains the target speed and makes no attempt to modify 
pitch for vertical path considerations. Normally, the target speed is economy 
above the airspeed restriction altitude and 240 knots below that altitude, until 
deceleration is necessary for approach. VNAV will not permit descent below the 
altitude restriction until the airspeed is at or below the restricted value. 
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The speed descent normally begins automatically at the calculated T/D, provided 
the MCP altitude is reset for the descent. At the T/D, the FMC commands pitch to 
maintain target speed. LNAV does not have to be engaged in order to fly a VNAV 
speed descent. 


The descent attempts to comply with waypoint altitude restrictions, and will not 
violate these restrictions. The VNAV speed descent will not, however, guarantee 
the airplane reaches an altitude restriction at the required point. 


A speed descent cannot automatically revert to a path descent, except with a U7 
FMC installed and during a STAR, approach transition, or approach leg with a 
vertical angle leg. However, if all required parameters for a path descent are 
available, a path descent may be manually selected at any time by selecting the 
PATH prompt on the speed descent page. 


Copyright © The Boeing Company. See title page for details. 


11.31.24 D6-27370-400E-TBCE December 1, 2000 


Flight Management, Navigation - 
QSOEING Flight Management System 


737 Operations Manual Operation 


VNAV Cruise and Speed Descent Profile (Nonprecision Approach) 
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Cruise 


Before the top of descent, FMC is in cruise mode and uses VNAV PTH and ECON 
cruise speed. 


@p Descent 


After top of descent, FMC is in descent mode and VNAV decelerates to economy 
descent speed and descends in VNAV SPD. 


ep Speed Restriction Deceleration 


Before the speed restriction altitude, VNAV decelerates to commanded speed 
using VNAV SPD. 


When at restricted speed, VNAV commands decreased pitch and descends in 
VNAV SPD. 


GD VNAV Path 


During a speed descent, VNAV may not maintain the FMC computed VNAV path. 
However, if E/D shows, a VNAV path is available. 


@&p Altitude Restrictions 


VNAV conforms to altitude restrictions at MNO and EPG. After MNO VNAV 
continues an idle thrust descent using VNAV SPD. 


Upon reaching the next altitude restriction, VNAV commands level flight using 
VNAV PTH. The thrust mode changes to FMC SPD. 


@p Descent and Approach 
After EPG, VNAV continues the idle thrust descent using VNAV SPD. 


Prior to the approach, VNAV decelerates to approach speed. The FMC prompts 
manual flap extension. 


Vertical Angles (U7) 


A vertical angle can be assigned to a waypoint from the navigation database. This 
vertical angle defines a VNAV path between the waypoint and the waypoint 
preceeding it. This feature can be available in approaches, approach transitions, 
and STARs. For example, the vertical angle for the glidepath of an ILS approach, 
would typically be 3 degrees. This angle is displayed on the ACT RTE LEGS page 
above the speed/altitude line for the associated waypoint. Vertical angles may be 
expected in any approach ending at RWXXX or MAXXX. The E/D will be 
RWXXX or MAXXX, and the E/D altitude will be either threshold crossing 
height (TCH — typically 50 feet above the touchdown zone elevation) or the 
altitude specified at MAXXX. 
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Ifa VNAV PATH descent is active when a vertical angle leg becomes active, the 
path mode will remain active, but VNAV will follow the vertical angle rather than 
the idle thrust descent path. 


If the vertical angle leg becomes active during a SPEED descent, the VNAV mode 
will change to VNAV PATH automatically, and there will be no SPEED prompt 
on the descent page. 


Early Descent 


A descent in VNAV started before the top of descent point is an early descent. If 
a path descent is planned, VNAV commands a 1000 fpm descent until the idle 
descent path is intercepted. If a speed descent is planned, VNAV commands an 
idle thrust descent. 


To start an early descent, use CAPTURE prompt on the DES page. 


CAPTURE (VNAV PTH) CAPTURE (VNAV SPD) 


CAPTURE (VNAV PTH) 


With a VNAV path descent planned, VNAV starts an early descent at 1000 fpm 
and captures the idle descent path. VNAV uses FMC SPD for the autothrottle 
mode and VNAV PTH for the pitch mode. 


@p CAPTURE (VNAV SPD) 


With a VNAV speed descent planned, VNAV starts an idle thrust early descent. 
VNAV does not attempt to capture the VNAV descent path. VNAV uses VNAV 
SPD for the pitch mode and the autothrottle commands IDLE, followed by ARM. 


VNAV Use During Approaches (U7) 


VNAV will remain engaged at all flap settings, allowing approaches to be flown 
using the vertical angle guidance. Speed for final approach can be set on the 
APPROACH REF page. 


If an ILS approach is flown in VNAV using the vertical angle guidance, VNAV 
will disconnect when passing the GS—XXX point, but it can be reengaged. If the 
GS-XXX point is deleted, VNAV would remain engaged throughout the 
approach. 
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For an approach without a runway waypoint on the RTE LEGS page, the VNAV 
path is calculated to the MDA or a calculated altitude at the missed approach 
point. The calculated altitude may be below the MDA to make sure a flight path 
angle and normal threshold crossing height. 


Note: It is the flight crew’s responsibility not to descend below the MDA until 
adequate visual contact is achieved. 


Go-Around (U7) 


Below 2000 feet RA, go—around is engaged when a TO/GA switch is pushed. The 
thrust limit is set to go-around. If VNAV is subsequently engaged, the thrust limit 
changes to climb and VNAV commands pitch to follow the missed approach 
procedure. 


Upon initiation if TO/GA, a new cruise altitude will be automatically assigned and 
will appear on the FMC pages. The new cruise altitude will be the highest of: 

e the highest restriction in the missed approach routing 

¢ default value of 1500 feet above airport elevation, or 

¢ MCP altitude. 


However, if the MCP altitude is the lowest of the three, the airplane, with autopilot 
engaged, will level off at the MCP selected altitude. 
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Engine Out Modification 


Select the ENG OUT prompt on the CRZ page. The ENG OUT page displays the 
appropriate engine out driftdown performance data to enable the airplane to 
descend to the engine out maximum altitude. Refer to FMC Cruise, section 11.42 
for a complete description of the ENG OUT CRZ page. 


@p® Drift Down Execution 


After selecting the left or right ENG OUT mode, perform the driftdown as 
follows: 

¢ disconnect A/T 

¢ set maximum continuous thrust on operating engine (N1 line) 

¢ set MCP speed to TGT SPD 

¢ set MCP altitude to MAX ALT or lower altitude as required 

¢ select LVL CHG. 
The airplane then descends at CON thrust and the driftdown airspeed to the MAX 
ALT. As the driftdown proceeds and airplane gross weight decreases, the 
maximum altitude may increase. 


Note: The engine out cruise page provides advisory performance data for 
operating with one engine. 


Ep Engine Out Cruise 


Engine out cruise operates like normal cruise with engine out cruise speeds. If 
range is a factor, select LRC speed. Thrust limit remains in CON. 


Required Time of Arrival (RTA) 


VNAV controls cruise speed to achieve a flight crew specified arrival time at a 
specified waypoint. After the appropriate waypoint and RTA are input to the FMC, 
the FMC will compute a recommended takeoff time, speeds required to comply 
with the RTA, and progress information for the flight. If the RTA is not achievable, 
the RTA UNACHIEVABLE scratchpad message is displayed. 


Data Entry Rules 


Altitude Entry 


Altitudes can be entered into the FMC as three digit (xxx), four digit (xxxx), five 
digit (xxxxx), or flight level (FLxxx) numbers. The FMC automatically displays 
altitude or flight level entries in the proper form based on the transition altitude. 
Some data lines further restrict the valid entry forms. 


Three digit entries represent altitude or flight levels in increments of 100 feet. 
Leading zeros are required. 
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Examples of three digit (xxx, FLxxx) entries with transition altitude = 10,000 feet: 

¢ 800 feet is entered as 008 or FLO008 and displayed as 800 

¢ 1,500 feet is entered as 015 or FLO15 and displayed as 1500 

¢ 11,500 feet is entered as 115 or FL115 and displayed as FL115 

¢ 25,000 feet is entered as 250 or FL250 and displayed as FL250. 
Four digit entries represent feet, rounded to the nearest ten feet. Leading zeros are 
required. This form is used when the altitude does not exceed 9,994 feet. 
Examples of four digit (xxxx) entries with transition altitude = 18,000 feet: 

¢ 50 feet is entered as 0050 and displayed as 50 

¢ 835 feet is entered as 0835 and displayed as 840 

¢ 1,500 feet is entered as 1500 and displayed as 1500 

¢ 8,500 feet is entered as 8500 and displayed as 8500 

¢ 9,994 feet is entered as 9994 and displayed as 9990. 


Five digit entries represent feet, rounded to the nearest ten feet. This form is used 
when the altitude exceeds 9,994 feet 


Examples of five (xxxxx) digit entries with transition altitude = 4,000 feet: 
¢ 50 feet is entered as 00050 and displayed as 50 
¢ 835 feet is entered as 00835 and displayed as 840 
¢ 1,500 feet is entered as 01500 and displayed as 1500 
¢ 8,500 feet is entered as 08500 and displayed as FLO85 
¢ 9,995 feet is entered as 09995 and displayed as FL100 
¢ 11,500 feet is entered as 11500 and displayed as FL115 
¢ 25,000 feet is entered as 25000 and displayed as FL250. 


Negative altitude entries are allowed to —1000 feet. 


Airspeed Entry 


Airspeeds can be entered into the FMC as calibrated airspeed or Mach number. 
Calibrated airspeeds are entered as three digits (xxx) in knots. Mach numbers are 
entered as one, two, or three digits following a decimal point. 


Data Pairs 


Many CDU pages display data in pairs separated by a slash “/.” Examples of these 
pairs include wind direction/speed and waypoint airspeed/altitude restrictions. 
When entering both values in a pair, the slash is inserted between the values. When 
it is possible to enter only one value of the pair, the slash may not be required. 


When entering only the outboard value of a pair, the trailing or leading slash may 
be entered, but is not required before transferring to the data line. When entering 
the inboard value of a pair, the trailing or leading slash must be entered before 
transferring to the data line. Omission of the required slash normally results in an 
INVALID ENTRY message. 
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Bearing Entry 


Entry of a bearing value requires three digits. For example, key 090, not 90. A 
bearing entry of 360 is displayed as 000. 


Plus/Minus Signs 


When entering temperature or an along-track displacement distance, positive 
values are assumed by the FMC and + signs are not required. For negative values, 
key in the — sign. 
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FMC Databases 


The FMC contains two databases: 
¢ performance database 
* navigation database. 


The performance database eliminates the need for the flight crew to refer to a 
performance manual during flight, and provides the FMC with the information 
required to calculate pitch and thrust commands. All information normally 
required can be displayed on the CDU. The database includes: 


¢ airplane drag and engine characteristics 
* maximum and optimum altitudes 
* maximum and minimum speeds. 


Maintenance personnel can refine the database by entering correction factors for 
drag and fuel flow. 


The navigation database includes most information normally determined by 
referring to navigation charts. This information can be displayed on the CDU or 
navigation display. The database contains: 

¢ the location of VHF navigation aids 

* waypoints 

* airports 

* runways 


¢ other airline selected information, such as SIDs, STARs, approaches, and 
company routes. 


If the permanent database does not contain all of the required flight plan data, 
additional airports, navaids, and waypoints can be defined by the crew and stored 
in either a temporary or a supplemental navigation database. Use of these 
additional databases provides world—wide navigational capability, with the crew 
manually entering desired data into the FMC via various CDU pages. Information 
in the supplemental navigation database is stored indefinitely, requiring specific 
crew action for erasure; the temporary navigation database is automatically erased 
at flight completion. 


The temporary and supplemental databases share storage capacity for forty 
navaids and six airports, the entries being stored in either database on a first come, 
first served basis. For the waypoint category, exclusive storage is reserved in the 
temporary database for twenty entries (including those created on the RTE or RTE 
LEGS pages). An additional twenty waypoints (up to a maximum of forty) can be 
stored in either the temporary or supplemental database on a first come, first 
served basis. 
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When any storage capacity is full, entries which are no longer required should be 
deleted by the crew to make space for additional new entries. Created waypoints 
cannot be stored in the database runway category. 


The FMC contains two sets of navigation data, each valid for 28 days. Each set 
corresponds to the normal navigation chart revision cycle. The FMC uses the 
active set for navigation calculations. The contents of the navigation database are 
periodically updated and are transferred to the FMC before the expiration date of 
the current data. 


Thrust Management 


The autothrottle operates in response to flight crew mode control panel inputs or 
to automatic FMC commands. Reference thrust can be selected on the N1 LIMIT 
page. Automatic FMC autothrottle commands are made while VNAV is engaged. 
The autothrottle system: 

¢ uses reference thrust limits calculated by the FMC 

* commands the thrust levers 

* commands thrust equalization through the power management control. 
Thrust limits are expressed as N1 limits. 


The FMC calculates a reference thrust for the following modes: 


¢ takeoff ¢ reduced climb 
¢ derated takeoff * cruise 

* assumed temperature takeoff * continuous 

¢ climb ¢ go-around. 


The thrust reference mode automatically transitions for the respective phase of 
flight. These modes can be selected on the N1 LIMIT page. The selected thrust 
reference mode is displayed on the thrust mode display. 


Reduced Thrust Takeoff 


Reduced thrust takeoffs lower EGT and extend engine life. They are used 
whenever performance limits and noise abatement procedures permit. 


Derate/Variable Takeoff Rating 


Fixed derates can be selected on the TAKEOFF REF page 2/2. Performance data 
for these derates is provided in the Airplane Flight Manual (AFM). 


With a derated takeoff selected, the thrust setting parameter is considered a 
limitation for takeoff; therefore, thrust levers should not be advanced further 
except in an emergency. A further thrust increase following an engine failure 
could result in a loss of directional control while on the ground. Use the takeoff 
speeds supplied by the FMC or specified in Chapter PI, Performance-Inflight, for 
the selected derate condition. 
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Derate takeoff ratings can be further reduced by using an assumed temperature. 


Use the takeoff speeds specified in Chapter PI, Performance-Inflight, for the 
selected derate or variable takeoff rating condition. 


Assumed Temperature Thrust Reduction Takeoff 


A takeoff thrust less than the full rated thrust may be achieved by using an 
assumed temperature that is higher than the actual temperature. The desired thrust 
level is obtained through entry of a SEL TEMP value on TAKEOFF REF page | 
or 2. Use approved sources for selecting the assumed temperature. 


The maximum thrust reduction authorized is 25% below any certified rating. Do 
not use assumed temperature reduced thrust if conditions exist that affect braking, 
such as slush, snow, or ice on the runway, or if potential windshear conditions 
exist. 


The assumed temperature thrust setting is not considered a limitation. The 
assumed temperature reduction can be removed. If conditions are encountered 
where additional thrust is desired, the crew can manually apply full thrust. 


Reduced Thrust Climb 


Two fixed climb thrust reductions can be selected on the N1 LIMIT page. CLB 1 
provides a climb limit reduced by 3% (approximately 10% thrust reduction). CLB 
2 provides a climb limit reduced by 6% (approximately 20% thrust reduction). 
The reduced climb setting gradually increases to full rated climb thrust by 15000 
feet. In cruise, the thrust reference automatically changes to CRZ. The reference 
can be manually selected on the N1 LIMIT page. 


Use of an assumed temperature reduced thrust takeoff or takeoff derate affects 
automatic selection of reduced climb N1. 


Use of reduced climb thrust decreases engine maintenance costs, but increases 
total trip fuel. 


Fuel Monitoring 


The FMC receives fuel data from the fuel quantity summation unit. Fuel quantity 
values are displayed on the PERF INIT page and on PROGRESS page | as FUEL 
QTY. The FMC uses the summation unit for performance calculations. 


If fuel quantity data becomes invalid, the fuel quantity will be blank on the PERF 
INIT page and on PROGRESS page |. VNAV is not available. 


The FMC monitors the total fuel load on board as detected by the fuel summation 
unit. The FMCS—CDU message INSUFFICIENT FUEL is displayed if the FMC 
predicts the total fuel quantity at destination to be less than 2,000 lb. (900 kg.). The 
USING RSV FUEL message is displayed if the fuel remaining at destination is 
less than the RESERVES entry on the PERF INIT page. 
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The CHECK FMC FUEL QUANTITY message is displayed if the FMC has 
detected a decrease in fuel quantity of greater than 1,500 Ib. (675 kg.), and 120 
seconds has elapsed since the decrease was detected. The flight crew must then 
manually compute the fuel quantity value to determine gross weight for the 
remainder of the flight. 


FMC calculated fuel predictions are based on gear and flaps up during climb, 
cruise, and descent. Any prolonged flight with gear and/or flaps extended will 
increase fuel required, and will not be displayed correctly on the FMC fuel 
predictions pages. 


Loss of FMC Electrical Power 


The FMC requires continuous electrical power to operate. When the electrical 
power is interrupted for less than ten seconds: 

e LNAV and VNAV disengage 

¢ all entered data is retained by the FMC 

e the FMC resumes normal operation when power is restored. 
If power is lost for ten seconds or more on the ground, all preflight procedures and 
entries must be done again when power is restored. 
If power is lost for more than ten seconds in flight: 

e LNAV and VNAV disengage 


¢ all entered data is retained by the FMC, and when power is restored the 
MOD RTE LEGS page is displayed with the advisory message SELECT 
ACTIVE WPT/LEG. 


Before LNAV can engage, the FMC must be instructed how to return to the route. 
Select the desired active waypoint and proceed direct or intercept a course to the 
waypoint. 


FMC Failure 


If the FMC fails, the FMC alert light will illuminate. The FMC/CDU FAIL light 
will appear on both CDUs, and both CDUs will display failure modes. “VWTK” will 
appear on both EHSIs. LNAV and VNAV will disengage. After 25 to 30 seconds, 
both EHSI maps will display failure information. 
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FMC Preflight Section 40 


Introduction 


Completion of the FMC preflight requires data entry in all minimum required data 
locations. Completing all required and optional preflight data entries ensures the 
most accurate performance possible. 


Preflight Page Sequence 


POS INIT 
POS I NI T> ROUTE>| [=] —_ VATE> 


<a EXEC | 1 GT age 


ACT RTE PERF | NI T 
PERF/ | Ni T>| [—] TAKEOFF> | [—] 
TAKEOFF REF 


The normal preflight sequence follows paging prompts on each CDU page. 


The normal FMC power-up page is the IDENT page. Preflight flow continues in 
this sequence: 

¢ Identification (IDENT) page 

¢ Position Initialization (POS INIT) page 

¢ Route (RTE) page 

¢ Departures (DEP/ARR) page (no automatic prompt) 

¢ Performance Initialization (PERF INIT) page 

¢ Takeoff Reference (TAKEOFF REF) page. 


Some of these pages are also used in flight. 
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The airplane inertial position is required for FMC preflight and flight instrument 
operation. 


A route must be entered and activated. The minimum route information is origin 
and destination airports and a route leg. 


Performance information requires the airplane weight and cruising altitude. 


Page Entries and Sequence 


During preflight, the prompts that appear in the lower right of the CDU page direct 
the crew through the minimum requirements for preflight completion. Pushing the 
prompt key for the next page in the flow presents new entry requirements. 
Additional entries are made on pages to refine the performance and route 
calculations. If a required entry is missed, a prompt on the TAKEOFF page leads 
the crew to the preflight page that is missing data. 


Supplementary Pages 


Supplementary pages are sometimes required. These pages must be manually 
selected. Manual selection interrupts the normal automatic sequence. Discussions 
of each normal page include methods to display the page when the automatic 
sequence is interrupted. 


When the route includes SIDs and STARs, they can be entered into the preflight 
using the DEPARTURES or ARRIVALS pages. 


Route discontinuities are removed, the route is modified, and speed/altitude 
restrictions are entered on the RTE LEGS page. The RTE LEGS page is described 
in the FMC Takeoff and Climb and FMC Cruise sections of this chapter. 


Waypoint, navigation, airport, and runway data is referenced on the REF NAV 
DATA page or the SUPP NAV DATA page. The REF NAV DATA page and SUPP 
NAV DATA page are described in the FMC Cruise section of this chapter. 


VNAV performance is improved if the forecast winds and temperatures are 
entered during the preflight. 


A single wind and temperature for cruise may be entered on the PERF INIT page. 
Wind and temperature data for specific cruise waypoints are entered on the RTE 
DATA page. The RTE DATA page is described in the FMC Cruise section. Wind 
and temperature for descent is entered on the DES FORECASTS page. The DES 
FORECASTS page is described in the FMC Descent section. 


Initialization/Ident Pages 


Note: The preflight pages are presented in the sequence used during a typical 
preflight. 
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Initialization/Reference Index Page 


The INIT/REF INDEX page provides manual selection of FMC pages. It provides 
access to pages used during preflight and not normally used in flight. 


ar) 


TAKEOFF REF 
| APPROACH REF 
| REF NAV DATA 


| SUPP NAV DATA 
| MAINT BITE | NDEX | 


<| NDEX | 


INI T/ REF | NDEX 1/1 


ep — NAV DATA> 


C4 <TAKEOFF 
5 <APPROACH 


[> u7 [2> Airplanes wth ANS 
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Identification (IDENT) 
Displays the IDENT page, the first page in the automatic preflight sequence. 


@® Position (POS) 
Displays the POS INIT page used for IRS initialization. 


POS INIT page is also used to enter/update magnetic heading for an IRS which is 
in the ATT mode. 


€&p Performance (PERF) 


Displays the PERF INIT page for initialization of data required for VNAV 
operations and performance predictions. 


@B TAKEOFF 


Displays the TAKEOFF REF page to enter takeoff reference information and V 
speeds. 


q@p APPROACH 
Displays the APPROACH REF page for entry of the approach VREF speed. 


Gp OFFSET 
Displays the LATERAL OFFSET page for initiating a lateral offset. 


Navigation Data (NAV DATA) 


Displays the REF NAV DATA page to display information about waypoints, 
navaids, airports, and runways. On the ground, displays the SUPP NAV DATA 
page if SUPP is entered in the scratchpad prior to selection. 


DD Maintenance (MAINT) 


For maintenance use only; displays maintenance pages. 


@ IRS Navigation (IRS NAV) 


Allows selection of the appropriate ANCDU page (IRS PROGRESS or IRS 
LEGS). 


Blank if IRS inputs to the CDU are invalid. 


Identification Page 
Most of the data on this page is for crew verification. The active navigation 


database and supplemental database accept manual entries. 


The crew verifies FMC data and selects a navigation database on the IDENT page. 
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INI T/ REF |NDEX 17/1 
<| DENT 


DAT 


ea TBC18801 


JUL22AUG18/ 
OP PROGRAM 
&_p—_ 549297-007 (U7. 5) 


SUPP DA 
JUN 28/ 


{ POS ns) 


MODEL 


Displays the airplane model from the FMC performance database. 


@® Navigation Data (NAV DATA) 


Displays the navigation database identifier. 


Ep Operational Program (OP PROGRAM) 


Displays the Boeing software part number and update version. 


@p INDEX 
Push — displays the INIT/REF INDEX page. 


@p Engine Rating (ENG RATING) 
Displays the engine thrust stored in the FMC performance database. 


@®@ Active Date Range (ACTIVE) 


Displays the effectivity date range for the active navigation database. 
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Database activation is accomplished by pushing the proper date range prompt to 
copy that date into the scratchpad. The scratchpad date may then be transferred to 
the ACTIVE database line. The previous active date moves down to the inactive 
date line. 


The ACTIVE label appears above the active navigation database date. No label 
appears above the inactive navigation database date. The navigation database date 
can be changed only on the ground. Changing the navigation database removes all 
previously entered route data. 


When an active database expires in flight, the expired database continues to be 
used until the active date is changed after landing. 


Inactive Date Range 


Displays the effectivity date range for the inactive navigation database. 


€@p Supplemental Data (SUPP DATA) 


Displays the effective date of the supplemental database. Blank if supplemental 
database is empty 


€&p Position Initialization (POS INIT) 
Push — displays the POS INIT page. 
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Position Pages 


Position Initialization Page 


The POS INIT page allows airplane present position entry for IRS alignment and 
FMC initialization. The same page is used to enter/update the magnetic heading 
for an IRS which is in the ATT mode. There are three POS pages. 


—, Inertial position not entered 


Ee rosrer ars} 
POS SHI FT 3/3 
| DENT 


POS INI T>|}E— 


| NI T/ REF | NDEX 


—]]-0s 


POS INIT 
LAST 


N47° 32.4 Wi22°>18.6 
Al RPORT 


GMT- MON/ DY. SET TRS AHL 
1432.2z 04/10 -- 
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Reference Airport (REF AIRPORT) 


The reference airport entry allows entry of the current airport for display of the 
airport latitude/longitude. 


Optional entry. 

Valid entries are ICAO four letter airport identifiers. 
Displays the latitude and longitude of the reference airport. 
Removes previous GATE entry. 


Entry blanks at lift—off. 


@p GATE 

The gate entry allows further refinement of the latitude/longitude position. 
Optional entry after the reference airport is entered. 

Valid entry is a gate number at the reference airport. 


Displays the latitude and longitude of the reference airport gate from the 
navigation database. 


Changes to dashes when a new reference airport is entered. 


Entry blanks at lift—off. 


Pp Greenwich Mean Time Month/Day (GMT - MON/DY) 
Displays the time and date from the captain’s clock. 


If the captain’s clock is not valid, GMT starts at 0000.0Z when the FMC is first 
powered. MON/DY is blank. Manually enter the correct GMT. 


@p INDEX 
Push — displays the INIT/REF INDEX page. 


@&® Last Position (LAST POS) 
Displays the last FMC computed position. 


@® Set IRS Position (SET IRS POS) 


The set inertial position entry is required to initialize the IRS. Select the most 
accurate latitude/longitude for the initialization. A displayed latitude/longitude 
can be selected or a manual entry can be used. 


If an entry is not made before the IRS finishes the initial alignment, the scratchpad 
message ENTER IRS POS is displayed. 
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Failure of the manually entered position to pass the IRS internal check displays 
the scratchpad message ENTER IRS POS. 


Enter airplane position latitude and longitude. 


If the latitude/longitude position is not within 4 NM of the origin airport, the 
scratchpad message VERIFY POSITION is displayed. 


Box prompts are displayed when either IRS is in the ALIGN mode and IRS 
present position has not been entered. 


Blanks when the IRS transitions from the alignment to the navigation mode. 


Set IRS Heading (SET IRS HDG) 


Enter/update magnetic heading for any IRS which is in ATT mode. Line blanks 
when IRS not in ATT mode. 


pp ROUTE 
Push — displays the ROUTE page. 


Position Reference Page 
The POS REF page displays the airplane positions as calculated by the FMC, IRS, 
and radio navigation receivers. 


This page displays latitude/longitude. All position displays are in actual latitude 
and longitude, as calculated by the respective system. Ground speed is displayed 
for the FMC and each IRS. 
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POS SHI FT 3/3 


POS INIT 1/3 


|___g 
POS REF 2/3 
FMC POS Gs 
— N47° 32.4 W22°18.6 1k TI J[—_ 
IRS L 
en—_= N47° 32.4 W22°>18.6 2KT ig 
IRS R 


Enp—_=—= N47 32.4 W22 18.7 3K T A 


me) 
32.4 W22°18.5 — 


FMC Position (FMC POS) 


Displays the FMC calculated latitude/longitude. Blank if at least one IRS is not 
supplying a valid present position. 


@® IRS Left (IRS L) 


Displays the latitude/longitude position as determined by the left IRS. Blank if 
IRS position is invalid. 


@ IRS Right (IRS R) 


Displays the latitude/longitude position as determined by the right IRS. Blank if 
IRS position is invalid. 


@@ RADIO 


Displays the latitude/longitude position as determined by the navigation radios. 
Blank if on the ground or if radio position is invalid in flight. 


@&p Ground Speed (GS) 


Displays the ground speed from FMC and IRS. Blank if ground speed of related 
system is invalid. 
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Route/Departure Pages 


Route Page 


The route is entered and displayed in air traffic control format. The first RTE page 
displays origin and destination data and the first two route segments. Additional 
route segments are displayed on subsequent RTE pages. 


Individual portions of the route may be manually entered by the flight crew. A 
pre-defined route may be loaded using the CO ROUTE line. CO ROUTE entries 
must correspond to a company defined route in the navigation database. 


POS INIT 1/3 


(| 
DEPARTURES 


|| ROUTE>|| 


RTE 
ORI GIN 


CO ROUTE 


Page Title 
The word ACT appears to the left of the title when the route has been activated 
and executed. 


Copyright © The Boeing Company. See title page for details. 


December 07, 2001 D6-27370-400E-TBCE 11.40.11 


Flight Management, Navigation - 


FMC Preflight Q SaeING 


737 Operations Manual 


The word MOD appears to the left of the normal title when the route is modified 
and the change is not executed. 


Multiple route pages are indicated by the page sequence number to the right of the 
title. 


@— ORIGIN 

Enter the ICAO airport identifier for the origin. 
An entry is required for route activation. 

Valid entries must be in the navigation database. 


Inflight entry is inhibited for the active route. Entry of a new origin erases the 
previous route and can be accomplished on the active route only on the ground. 


New entries on an active route display MOD in the route title. 
Enables direct selection of departure and arrival procedures for the origin airport. 


Automatically entered as part of a company route. 


D Company Route (CO ROUTE) 


A company route can be called from the navigation database by entering the route 
identifier. The data provided with a company route can include origin and 
destination airports, departure runway, SID and STAR, and the route of flight. All 
company route data is automatically entered when the route identifier is entered. 


An entry is optional for activation of the route. 
Enter a company route identifier. 


Valid entry is any crew entered company route name. If the name is not contained 
in the NAV database, the scratchpad message NOT IN DATABASE is displayed. 


Entry of a new company route replaces the previous route. 


Inflight entry is inhibited for the active route. 


GB RUNWAY 

Enter the desired runway for the origin airport. 

An entry is optional for activation of the route. 

Entries must be in the navigation database. 

New entries on an active route display MOD in the route title. 
Automatically entered when part of a company route. 

Can be entered from the DEPARTURES page. 


Deleted upon reaching the first waypoint. 
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@&® Destination (DEST) 

Enter the ICAO airport identifier for the destination of the route. 

An entry is required for route activation. 

Entries must be in the navigation database. 

New entries on an active route display MOD in the route title. 

Enables direct selection of arrival procedures for the destination airport. 
Automatically entered as part of a company route. 


Entry and execution of a new destination clears any runway and runway 
dependent approach procedure of the previous destination. If the active leg is part 
of the affected procedure, then all subsequent (inactive) legs are cleared. 


Gp Flight Number (FLT NO.) 

Enter the company flight number. 

Entry is optional for activation of the route. 
Limited to 8 characters. 

Crew entered. 


Flight number is included in the PROGRESS page title. 
Route Page with Data Entries 


RTE 
ORI GIN 
KBFl 


CO ROUTE 

BFI MWH 
RUNWAY 

13R 

VIA 

LACRE3. VAMPS 


@p VIA 


The VIA column displays the route segment to the waypoint or segment 
termination displayed in the TO column. Enter the path which describes the route 
segment between the previous waypoint and the segment termination. 


Copyright © The Boeing Company. See title page for details. 


December 07, 2001 D6-27370-400E-TBCE 11.40.13 


Flight Management, Navigation - 


FMC Preflight Q SaeING 


737 Operations Manual 


Enter an airway in the VIA column and box prompts are displayed in the TO 
column if the previous TO line contains a waypoint on the airway. 


Valid entries can also include procedures or DIRECT. Procedures are normally 
entered through selections on DEPARTURES and ARRIVALS pages. DIRECT is 
normally entered as a result of entering a TO waypoint first. 
Valid airways must: 
* contain the fix entered in the TO waypoint, and 
* contain the previous TO waypoint. 
Dashed prompts change to DIRECT if the TO waypoint is entered first. 
Dash prompts appear for the first VIA beyond the end of the route. 
Invalid VIA entries display the scratchpad entry INVALID ENTRY. 


Invalid VIA entries are: 


* airways and company routes which do not contain the TO waypoint of the 
previous line 


* airways or company routes that are not in the navigation database. 


When entering airways, the beginning and ending waypoints determine if the 
entry is valid. The route segment must contain the waypoint entered in the TO 
position. The TO waypoint of the previous route segment must be the same as the 
beginning point of the current route segment, or a route discontinuity is created 
between the segments. 


Entry of a SID or transition automatically enters the VIA and TO data for the route 
segments of the SID. A SID automatically links to the next route segment when 
the final SID waypoint is part of the route segment. 


LACRE3.VAMPS is an example of a SID selection made on the DEPARTURES 
page. 
V2 is an example of airway entry. 


@p TO 
Enter the end point of the route segment specified by the VIA entry. 


Entry of a waypoint in the TO column without first entering a VIA airway displays 
DIRECT in the VIA column. 


Box prompts indicate that an entry is required. 


Valid waypoint entries for a DIRECT route segment are any valid waypoint, fix, 
navaid, airport, or runway. 


Valid waypoint entries for airways are waypoints or fixes on the airway. 


Dash prompts appear on the first TO waypoint following the end of the route. 
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ep ACTIVATE 


Pushing the ACTIVATE key arms the route for execution as the active route. 
When the EXEC key is pushed, the route becomes the active route and the 
ACTIVATE prompt is replaced with the next required preflight page prompt. 


Push — prepares the selected route for execution as the active route. 
Activation of a route is required for completion of the preflight. 
Displayed on inactive route pages. 


After route activation, the ACTIVATE prompt is replaced by: 
¢ PERF INIT when the required performance data is incomplete, or 
¢ TAKEOFF when the required performance data is complete. 


Additional Route Page Prompts for an Activated Route 


ACT RTE 


| PERF | NI T> =—_2 


TAKEOF F> = —_@ 
\ orrscr> et 
(woo ete ~SCS«Y 


CO — <ERASE 


[i> w 


ERASE 
Push — removes all pending modifications. 


Displayed only during modifications. 


@p® Performance Initialization (PERF INIT) 
Push — displays PERF INIT page. 
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Displayed only on the ground when required entries on the PERF INIT page are 
incomplete. 


ep TAKEOFF 
Push — displays TAKEOFF REF page. 


Displayed only on the ground when all required entries on the PERF INIT page 
are complete. 


GD OFFSET 

Push — displays LATERAL OFFSET page. 
Displayed only in flight. 
Departure/Arrival Index Page 


The DEP/ARR INDEX page is used to select the departure or arrival page for the 
origin and destination airports for each route. The index also allows reference to 
departure or arrival information for any other airport in the navigation database. 


Departure and arrival prompts are available for the origin airport. Destination 
airports have only arrival prompts. 
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| ARRI VALS 
DEPARTURES 
<| NDEX 
DEP 
ARR 
——— a DEP/ ARR | NDEX 1/1 
eg <DEP KBFI ARR>—+—_ 
—- KMWH ARR ED 
DEP OTHER ARR 


Departure (DEP) — Origin 
Push — displays the departure page for the origin airport. 


@p Departure (DEP) - OTHER 


Displays the departure page for the airport entered into this line through the 
scratchpad. 


DEP prompt for OTHER allows display of departure information about airports 
that are not an origin or destination. The displayed information can be viewed but 
cannot be selected, because the airport is not on the route. 


@p Arrival (ARR) - Origin 


Push — displays the arrival page for the origin airport. Origin airport arrivals 
selection is used during a turn—back situation. 
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@® Arrival (ARR) - Destination 


Push — displays the arrival page for the destination airport. 


@® Arrival (ARR) - OTHER 


Displays the arrival page for the airport entered into this line through the 
scratchpad. 


ARR prompt for OTHER allows display of arrival information about airports that 
are not an origin or destination. The displayed information can be viewed but 
cannot be selected, because the airport is not on the route. 


Departures Page 


The DEPARTURES page is used to select the departure runway, SID, and 
transition for the route origin airport. 
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DEP/ ARR | NDEX 
KBFI 


TAKEOFF REF 


|| DEPARTURE>|| ——] 


NO ROUTE 
ENTERED 


TRANS 
HUMP P 


Standard Instrument Departures (SIDS) 
Displays SIDS for the airport and runway selections. 


Without the selection of a runway on the RTE page, the initial display contains all 
of the information for the airport runways and SIDS. As selections are made, 
incompatible options are removed. SID transitions are displayed after a SID is 
selected. 


@® Transitions (TRANS) 
Displays transitions compatible with the selected SID. 
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@® ERASE/INDEX 


Erase is displayed when a route modification is pending. INDEX is displayed 
when no route modification is pending. 


ERASE push — removes route modifications that are not executed and restores the 
original route. 


INDEX push - displays the DEP/ARR INDEX page. 


GB RUNWAYS 
Displays a list of runways for the selected airport. 


The runway selected on the RTE page is displayed as <SEL> or <ACT> when this 
page is displayed. 


@&p ROUTE 
Push — displays the RTE page. 
Selecting Options 


Selecting an option displays <SEL> inboard of the option, and a route 
modification is created. When the modification is executed, the <SEL> becomes 
<ACT>. Leaving the page and returning displays all options and the <SEL> or 
<ACT> prompts. 
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Performance Pages 


Performance Initialization Page 


The PERF INIT page allows the entry of airplane and route data to initialize 
performance calculations. This information is required for VNAV calculations. 


| NI T/ REF | NDEX 


||<PERF || 


Ext PERF LIMTS 272 
PAGE 
TAKEOFF REF 


I ei INIT || 


On ground, 
PERF INIT incomplete 


GW/ CRZ CG 
LIT]. 18.5% 
EL 
. 0 
Ww 


11.0 


SERVES 


ST | NDEX 


Gross Weight/Cruise Center of Gravity (GW/CRZ CG) 


Airplane gross weight is required. The entry can be made by the flight crew or 
automatically calculated by the FMC, following entry of zero fuel weight. 


Enter airplane gross weight. 
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Valid entries are XxX OF XXX.X. 
Automatically displays calculated weight when zero fuel weight is entered first. 


Displays default or manually entered cruise CG. Entry of actual cruise CG may 
increase maximum altitude capability. 


@® FUEL 


Fuel on board is automatically displayed as received from the airplane fuel 
summation unit. 


Display is blank if the FMC is not receiving the required fuel data. 


Ep Zero Fuel Weight (ZFW) 


Airplane zero fuel weight is required. Normally the ZFW is entered from the 
airplane dispatch papers, and the FMC calculates the airplane gross weight. 


Enter the airplane zero fuel weight. 
Valid entry is Xxx OF XXX.Xx. 


Calculated zero fuel weight is automatically displayed if airplane gross weight is 
entered first and fuel on board is valid. 


@Bp RESERVES 
Enter fuel reserves for the route. 
Entry is required to complete the preflight. 


Valid entry is xx or XxX.x. 


@&p COST INDEX 


The cost index is used to calculate ECON climb and cruise speeds. The value 
reflects the relative impacts on overall trip cost of fuel cost as compared to other 
direct hourly operating costs. 


Enter the cost index for ECON calculations. 
Entry is required to enable use of VNAV mode. 


Valid entries are 0 to 200. Entry of 0 causes the ECON speed to be MAX RANGE; 
200 results in a minimum time flight. 


Entry of a CO ROUTE on RTE page causes any company stored value of cost 
index to be automatically displayed. A manual entry has priority. 


@p INDEX 
Push — displays the INIT/REF INDEX page. 
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Trip/Cruise Altitude (TRIP/CRZ ALT) 


Trip altitude is automatically computed and displayed whenever entries have been 
made for the ORIGIN, DEST, GROSS WT, and COST INDEX. Otherwise, the 
field is blank. 


Trip altitude is the predicted minimum cost altitude determined by operator 
constraints. Provides crew a reference for selecting a planned cruise altitude. 


Cruise altitude is required. 
Enter the cruise altitude for the route. 


Automatically displays this cruise altitude on the CLB, CRZ, and RTE LEGS 
pages. 


DP Cruise Wind (CRZ WIND) 

Cruise wind entry provides input to optimize FMC calculations. 
Enter the forecast cruise wind. 

Entry is propagated onto the RTE DATA page. 


If no entry is made, the FMC assumes zero wind for preflight predictions. 


@&p ISA Deviation (ISA DEV) 

ISA deviation entry provides input to optimize FMC calculations. 
Entry causes T/C OAT to be computed and displayed. 

Enter ISA deviation for top of climb altitude. 


If no entry is made, FMC assumes zero deviation. 


@p Top of Climb Outside Air Temperature (T/C OAT) 
T/C OAT entry provides input to optimize FMC calculations. 
Entry causes ISA DEV to be computed and displayed. 

Enter T/C OAT. 


If no entry is made, FMC assumes ISA value. 


Transition Altitude (TRANS ALT) 
Displays 18,000 feet at FMC power up. 


Changes automatically after selecting a departure procedure with a different 
transition altitude. 


Manual entry has priority. 
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@ TAKEOFF 
Push — displays the TAKEOFF page. 
Performance Limits Page 


The performance limits page allows the entry of performance limits affecting RTA 
and ECON calculations. 


NEXT. PERF INIT 
PAGE 
RTA PROGRESS 


[[<L1 TS || 


PERF LIMITS 2/2 
TIME ERROR TOLERANCE 
8 SEC AT RTA WPT 
MIN SPD --CLB-- MAX 
210/.400 340/. 


220/.650 


- CRZ- 


240/.500 


TIME ERROR TOLERANCE 
Used during RTA calculations to establish a boundary on computed speeds. 
Valid entry range is from 6 to 30 seconds. 


Default value is 15 seconds and is displayed in small font. 


@— Minimum Speed/Maximum Speed (MIN SPD/MAX SPD) 
Establishes lower and upper speed limits for each phase of flight. 


Default is 210/.40 for lower limit and 340/.820 for upper limit. Displayed in small 
font. 


Either CAS or Mach can be entered. 
Limits both RTA and ECON modes in flight. 
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ep INDEX 
Push — selects INIT /REF INDEX page. 


@@p Required Time of Arrival (RTA) 
Push — selects RTA PROGRESS page. 
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Takeoff Page 1 
Takeoff Reference Page 


The takeoff reference page allows the crew to manage takeoff performance. 
Temperature data is entered to allow the FMC to make takeoff N1 computations 
for normal or reduced thrust takeoff. V speeds are entered and verified. Preflight 
pages are selectively displayed to indicate preflight status whenever required 
entries on those pages are incomplete. 


Takeoff reference page entries finish the normal preflight. V speeds should be set 
before completion. FMC position can be updated prior to takeoff. 
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INI T/ REF | NDEX 1/1 


| |< TAKEOFF || 


PERF INIT 
TAKEOFF> 


NEXT TAKEOFF REF 2/2 
PAGE 


On ground and PERF INIT complete 


RTE 


TAKEOFF> 


PRE- FLT STATUS 
INIT ROUTE> 


[t> TO NI (U5) 


Outside Air Temperature (OAT) 


Manual entry of actual takeoff OAT is displayed in large-sized characters and is 
used by the FMC to calculate the takeoff N1 limits. 


Entry can be made in degrees C or degrees F. 
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@® Selected Temperature (SEL TEMP) 


Entry of an assumed temperature calculates a reduced thrust takeoff N1. 


Entry can be made in degrees C or degrees F. 


p Takeoff N1 (XX.XK N1/TO N1) 
Displays the FMC computed N1 for takeoff. 
Crew entry not allowed. 


Data line title displays full rated thrust or selected takeoff derate thrust. Typical 
line titles display as (US) “TO N1” (U7) “22K N1” or “20K NI”. 


Data line title changes to (US) “RED TO N1” or (U7) “RED XX.XK N1” when 
an assumed temperature (SEL TEMP) entry results in a reduced N1 value. If a 
SEL TEMP and a DERATE are both selected the data line title will change to (U5) 
“RED TO-1” or “RED TO-2” or (U7) “RED XX.XK N1,” and the effect on thrust 
will be additive.The Reference N1 bugs will still display full rated or selected 
takeoff derate thrust N1 values. 


It is possible for CLB2 thrust to be greater than the selected reduced takeoff thrust. 
Therefore, the thrust levers may advance when the thrust limit changes to CLB 2. 


@® Preflight Status (PRE-FLT STATUS) 


Selectively displayed to allow line selection of the appropriate preflight pages 
whenever the required entries on those pages are incomplete. 


POS INIT is displayed if a valid IRS position entry disagrees with the position 
determined by any IRS in the ALIGN mode; otherwise blank. 


PERF INIT is displayed if any required PERF INIT entries are not completed; 
otherwise blank. 


ROUTE is displayed if a route is not active; otherwise blank. 


DEPARTURE is displayed if RTE page | displays prompts for RUNWAY and 
VIA lines; otherwise blank. 


Prior to completion of all required items, “PRE-FLT STATUS” appears above line 
4. After completion of all required items, “PRE-FLT COMPLETE” appears. 


q@&p INDEX 
Push — displays the INIT/REF INDEX page. 


Gp V Speeds 
Crew calculated V speeds may be entered and displayed for reference. 


Entered V1 and VR will automatically be displayed on the EFIS speed tape. 
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Any change of performance information results in removal of all V speeds. 


Display Following Change of Performance Data (U7) 


RW13R TAKEOFF SPDS 
A 


REJECT 


Displayed if takeoff speeds have been entered and gross weight or zero fuel weight 
has been changed. 


Selection causes the now small font takeoff speeds to disappear. 


@® ACCEPT 


Displayed if takeoff speeds have been entered and gross weight or zero fuel weight 
has been changed. 


Selection changes the small font takeoff speeds to large font. 


Runway Position Update 


FMC Position Update (FMC POS UPDATE) 


Displayed automatically on the ground when preflight complete and a departure 
runway is entered into the active route. 


Selection illuminates the EXEC key and displays the CANCEL UPDATE prompt. 
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Execution updates the computed FMC position to the threshold of the departure 
runway. 


@p CANCEL UPDATE 
Displayed after line selection of the FMC POS UPDATE prompt. 


Selection clears the prompt, cancels the position update armed condition, and 
extinguishes the execute key light. 
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Takeoff Page 2 
Takeoff Reference Page 2/2 


NEXT TAKEOFF REF 1/2 
PAGE 


TAKEOFF REF 


RED 22K N1 
92.2/ 92.2% 
18.5K DERATE 
85.2/ 85.2% 


[t> To - 1 (UW) [2> RED TO NI (U5) [3>>TO- 2 (Ub) 


Selected Temperature (SEL TEMP) 
Repeats data shown on TAKEOFF REF page 1. 
Entry of an assumed temperature calculates a reduced thrust takeoff N1. 


Entry can be made in degrees C or degrees F. 


@® Takeoff N1 (XX.XK N1/TO N1) 
Repeats data shown on TAKEOFF REF page 1. 
Displays the FMC computed N1 for takeoff. 
Crew entry not allowed. 


Data line title displays full rated thrust or selected takeoff derate thrust. Typical 
line titles display as (U5) “TO N1” (U7) “22K N1” or “20K N1”. 
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Data line title changes to (US) “RED TO N1” or (U7) “RED XX.XK N1” when 
an assumed temperature (SEL TEMP) entry results in a reduced N1 value. If a 
SEL TEMP and a DERATE are both selected, the data line title will change to 
(U5) “RED TO-1” or “RED TO-2” or (U7) “RED XX.XK N1,” and the effect on 
thrust will be additive.The Reference N1 bugs will still display full rated or 
selected takeoff derate thrust N1 values. 


It is possible for CLB2 thrust to be greater than the selected reduced takeoff thrust. 
Therefore, the thrust levers may advance when the thrust limit changes to CLB 2. 


€p Takeoff 1 Derate (XX.XK DERATE/TO-1 DERATE) 


Selects the first level of takeoff derate. For example, a 22K engine will derate to 
20K. 


Selection of derate replaces DERATE in the title with <SEL>. 
The reference N1 bugs will display the derated N1 values. 
Deletion returns takeoff thrust to full rated value for the installed engines. 


Header and data fields blank if no derate capability exists. 


@@p Takeoff 2 Derate (XX.XK DERATE/TO-2 DERATE) 

Selects the second level of takeoff derate provided one exists. 

Selection of derate replaces DERATE in the title with <SEL>. 

The reference N1 bugs will display the derated N1 values. 

Deletion returns takeoff thrust to full rated value for the installed engines. 


Header and data fields blank if no derate capability exists. 


q@p INDEX 
Push — displays the INIT/REF INDEX page. 
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Flight Management, Navigation Chapter 11 


FMC Takeoff and Climb Section 41 


Introduction 


The FMC takeoff phase begins with the selection of takeoff/go—around (TO/GA). 
Preparation for this phase begins in the preflight phase and includes entry of the 
TAKEOFF REF page data. 


The takeoff phase automatically changes to the climb phase when climb thrust is 
selected. The climb phase continues to the top of climb point, where the cruise 
phase begins. 
During these phases, the following pages are normally used: 
¢ TAKEOFF REF page — to make last minute changes to the departure 
runway 
¢ DEPARTURES page — to make last minute changes to the SID 
¢ CLB page — to modify climb parameters and monitor airplane climb 
performance 
¢ RTE LEGS page — to modify the route and monitor route progress 
« PROGRESS page — to monitor the overall progress of the flight 
¢« NI LIMIT page — to select alternate climb thrust limits 
¢ DEP/ARR INDEX page — to select an approach during a turn—back. 


Takeoff Phase 


When last minute changes are made to the departure runway and SID, the 
TAKEOFF REF and DEPARTURES pages must be modified to agree. The 
modifications are performed the same as during preflight. 


With correct takeoff parameters, the FMC commands the selected takeoff thrust 
when the TO/GA switch is pushed. During the takeoff roll, the autothrottle 
commands the thrust and the FMC commands acceleration to between V2+15 and 
V2+25 knots. 


LNAV can be engaged at 400 feet and provides roll commands to fly the route leg. 
VNAV may be engaged after flap retraction to control the climb profile. 


Climb Phase 


VNAV commands acceleration to: 
e¢ 250 knots 
* waypoint speed constraints, or 


¢ the speed restriction associated with the origin airport, whichever is more 
restrictive. 
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At the climb thrust reduction point, climb thrust can be selected. Passing 10,000 
feet, VNAV commands an acceleration to the economy climb speed, which is 
maintained until entering the cruise phase. Waypoint speed constraints take 
priority if slower than target speed. 


During the climb, VNAV complies with the LEGS page waypoint altitude and 
speed constraints. A temporary level—off for a crossing altitude restriction is 
accomplished at the current commanded speed. 

When the climb speed profile causes an anticipated violation of a waypoint 
altitude constraint, the FMC displays the CDU scratchpad message UNABLE 
NEXT ALTITUDE. A different speed profile that provides a steeper climb angle 
must be manually selected. 

If a CLB 1 or CLB 2 derate is selected, the derate is maintained for the initial part 
of the climb. Thrust eventually increases to maximum climb thrust by 15,000 feet. 


Climb Pages 


Climb Page 

The CLB page is used to evaluate, monitor, and modify the climb path. The data 
on the CLB page comes from preflight entries made on the RTE and PERF INIT 
pages. 

The CLB page is selected by pushing the CLB function key on the ground, or 
during takeoff and climb. 


The FMC climb mode can be economy, max rate, max angle, or fixed speed. In 
each of the modes, similar data is displayed on the page. 
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[=] —— 


ACT 280KT CLB 1/1 
CRZ ALT AT VAMPS 
FL350 8000A 


TGT SPD TO VAMPS 

280/.720 2004.3z/ 19NM 
SPD REST ERR VAMPS 

250/ 10000 310L0 
CLB-1 N1 

90.3/ 90.3% 


Page Title 


The page title displays the type of climb. Normally, the title displays ECON for 
the economy climb mode. Other climb modes modify the title. 


ECON indicates the speed is based on a cost index. 


MAX RATE indicates the speed is based on the maximum altitude over the 
shortest period of time. 


MAX ANGLE indicates the speed is based on the maximum altitude over the 
shortest horizontal distance. 


Fixed climb speeds display XXXKT for a fixed CAS climb speed or M.XXX for 
a fixed Mach climb speed profile and are manually entered by the crew. 


Reasons for selecting climbs other than ECON are: 
¢ takeoff/climb acceleration segment constraints 
* waypoint speed constraints 
¢ an altitude constraint associated with a speed constraint 
* a speed restriction 
* acrew-entered speed. 
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Displays ACT when the climb phase is active. 


@® Cruise Altitude (CRZ ALT) 


The cruise altitude from the PERF INIT page is displayed. A new altitude can be 
manually entered. 


€p Target Speed (TGT SPD) 


Displays computed values or manually entered values for the selected mode. 
Computed speed is limited to a maximum of 335 knots/M.809. 


Airspeed and/or Mach may be entered using the keyboard. Title will display 
manually entered value. 


The active controlling speed is highlighted in reverse video. 


@® Speed Restriction (SPD REST) 
The speed restriction line displays the speed restriction/altitude from one of the 
following sources: 

¢ the navigation database value for the origin airport 


* waypoint related restriction from the RTE LEGS page if restriction limits 
climb speed 


¢ a default speed of 250 knots and 10,000 feet (example 250/10000) 


e displays XXX/HOLD when decelerating to hold speed prior to hold entry 
fix. 


Dashes displayed if no active speed restriction exists. 


Manual crew entries or deletions may be made. HOLD or FLAPS speed may not 
be deleted or modified. 


Note: If the FMC default speed restriction is overwritten, it will be deleted and 
not return after the overwrite condition passes. (e.g. the default of 
250/10000 is overwritten to 230/3000, after 3000 feet is passed there will 
be no speed restriction and VNAV will accelerate to the unrestricted climb 
speed.) 


The active controlling speed is highlighted in reverse video. 


@&p Climb Page Prompts 
Push — selects various CLB pages. 


Following line selection, the prompt for that page blanks. 
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q@p AT XXXXX 


The waypoint constraint line displays the next waypoint having an altitude 
constraint. Constraints are entered on the RTE LEGS page or by departure 
procedure selection. The constraints can be deleted on this page or the RTE LEGS 
page. The waypoint may be a HOLD AT point. 


Display is blank if no restriction exists. 


TO XXXxXx 
Displays ETA and distance to go to the waypoint on AT XXXXX line. 


If no waypoint constraint exists, values are for CRZ ALT. 


pp ERR XXXxxXx 
Displays predicted altitude undershoot for the waypoint on AT XXXXX line. 


During VNAV operation, the FMC commands a level off if an overshoot is 
predicted. 


Display is blank, including the label, if no error exists. 


@p Reduced Climb N1 (CLB - X N1) 
Displays reduced climb N1 value. 


Blank when reduced climb not selected. 


@p Engine Out (ENG OUT) 
See ENG OUT CLB page description. 


Required Time of Arrival (RTA) 
Displays the RTA PROGRESS page. 
ERASE prompt replaces RTA during a page modification. 


RTA Climb Page 
The RTA CLB page is displayed when a required time of arrival is active. 


The RTA CLB page is automatically selected by pushing the CLB function key 
when RTA is active. 


Displays on this page are the same as other climb pages except as noted. 
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ACT RTA CLB 1/1 
AT VAMPS 
8000A 
TIME ERROR 


<MAX RATE 


<MAX ANGLE 


Target Speed (TGT SPD) 
Displays the computed speed required to meet entered RTA. 


When RTA is exited by waypoint sequence or deletion, this speed changes to FMC 
target speed. 


@p TIME ERROR 
Displays computed time error at RTA waypoint. Same as RTA PROGRESS page. 
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RTE LEGS Page 


PREV 
| RTE LEGS 
RTE DATA 


LEGS 


RNP/ ACTUAL 
-00/0.21NM 


Page Title 


An active RTE LEGS page title is displayed with ACT as part of the title. A 
modified page title is displayed with MOD in reverse video. 


@p Leg Direction 


The leg segment direction is displayed as the title of the waypoint line. Courses 
are displayed in magnetic (xxx°) or true (xxx° T). The computed great circle route 
leg directions may be different than chart values. Heading leg segments to 
conditional waypoints are displayed as (xxx° HDG) and track leg segments are 
displayed as (xxx° TRK). Directions may be displayed as special procedural 
instructions, such as HOLD AT or (U7) PROC TURN. 


Display is blank for an undefined course. 
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Dp Waypoint Identifier 


The current active leg is always displayed at the top of the first active RTE LEGS 
page. 


All route waypoints are displayed. Waypoints on an airway are included on the 
route legs page. Waypoints appear in flight sequence. 


Waypoints can be entered and moved. This includes: 
e adding new waypoints * resequencing existing 
* removing existing waypoints waypoints 
¢ linking route discontinuities. 


Displays the waypoint by name or condition. 
Box prompts are displayed for route discontinuities. 


Dashes are displayed for the next line beyond the end of the route. 


@®p Distance to Waypoint 


Displays the distance from the airplane or the waypoint to the next waypoint. 


@p Calculated Waypoint Speed/Altitude 


Displays the calculated speed or altitude at the waypoint in small font. 


Gp Specified Waypoint Speed/Altitude 
Displays any waypoint speed or altitude constraint in large font. 


Manual entry is allowed. 


ACTIVATE, EXTENDED DATA 


The ACTIVATE prompt is displayed on the RTE LEGS page when the route is not 
active. When the activate prompt key is pushed, the route must be executed by 
pushing the EXEC key. 


The EXTENDED DATA prompt is used to review additional information about 
the route. 
Push — 


¢ ACTIVATE arms the execute function. Pushing the EXEC key activates 
the route and changes the ACTIVATE prompt to EXTENDED DATA 


¢ EXTENDED DATA displays the RTE DATA page. 


Dp Required Navigational Position/Actual (RNP/ACTUAL) 


Displays the required navigation accuracy compared to actual navigation 
accuracy. 
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Map Center Step Display 


The MAP CTR STEP prompt replaces ACTIVATE or EXTENDED DATA when 
the EFIS control panel mode selector is placed in the PLAN position. Pushing the 
prompt key advances the waypoint that is displayed in the center of the map. The 
<CTR> label is displayed to the right of the corresponding waypoint on the RTE 
LEGS page. 


ACT RTE LEGS 
129° HDG 3NM 
166/ 


4NM 
<CTR> 214/ 


RNP/ ACTUAL 
-00/0.21NM 


Map Center Label (<CTR>) 
Identifies the waypoint around which the map display is centered. 


Whenever the EFIS mode selector is positioned to PLAN, the label is 
automatically displayed for the first geographically fixed waypoint on the 
displayed page. 


@® Map Center Step (MAP CTR STEP) 
Displayed on a CDU when PLAN is selected on the associated EFIS control panel. 
Replaces the EXTENDED DATA or ACTIVATE prompt. 


Push — advances the <CTR> label on the CDU to the next geographically fixed 
waypoint in the route and moves the respective waypoint to the center of the 
EHSI. 
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Progress Pages 


Progress Page 1 


The PROGRESS page provides general flight progress information along the 
route of flight. 


The page title displays the company flight number from the RTE page in the title. 


Page one of the progress pages displays general information (such as 
distance-to—go, ATA, ETA, fuel remaining estimates) about the following: 


* waypoints (last, active, and e (U5) navaid and IRS 
next) information 

¢ destination information ¢ (U7) current wind 

¢ altitude change points ¢ fuel quantity. 
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FLT 430 PROGRESS 
FROM ALT ATA 
BANDR FL186 1349z 
ETA 
1356z 


1409z 


FLT 430 PROGRESS 
FROM ALT ATA 
BANDR FL186 1349z 
DTG ETA 
25 13562 


67 14092 


127 


1356z/ 25nm 
WI ND 


(aa 23KT NAV STATUS _ 
i> ww ([2>u 
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FROM 


Displays the identifier of the last (FROM) waypoint, the altitude (ALT), the actual 
time of arrival (ATA), and the fuel at that waypoint. 


@® Active Waypoint 


Displays the identifier of the active waypoint, the flight plan course to the active 
waypoint, and distance-to-go (DTG) from present position to the active 
waypoint. Also displays the estimated time of arrival (ETA) and predicted fuel 
remaining at the active waypoint. The active waypoint is highlighted by reverse 
video. 


ep Next Waypoint 


Displays the identifier of the next waypoint which follows the active waypoint, the 
flight plan course for that leg, and flight plan distance-to—go (DTG) from present 
position to the next waypoint. Also displays the estimated time of arrival (ETA) 
and predicted fuel remaining at the next waypoint. 


@®D Destination 


Displays the identifier of the destination airport (DEST) and flight plan 
distance-to—go (DTG) from present position to the destination. Also displays 
estimated time of arrival (ETA) and predicted fuel remaining at the destination. 


When a route modification is in progress, the destination line label displays MOD. 
Performance predictions include the modification. 


q@&p Altitude Change Point (TO XXXXX) 


Displays ETA and distance-to—go to the following altitude change points as 
appropriate to phase of flight: 


¢ TO TIC: to top of climb for the ¢ TOT/D: to top of descent, if no 
active climb STEP TO entry is made on 
* TO STEP POINT: to the step CRZ page 
point if a STEP TO entry is ¢ TOE/D: to the end of descent 
made on CRZ page waypoint for an active path 
descent; blank for a speed 
descent. 


Gp VHF Navigation Radio Lines 


Displays identifiers and frequencies of the navaids presently tuned by VHF No. | 
and VHF No. 2. 
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Frequency prefixes identify the tuning mode of each radio: 
e A - indicates frequency tuned by the FMC auto-tune mode 


¢ M-indicates manually tuned frequency 


e P-indicates frequency auto—tuned by the FMC as required by an active 
procedure. 


Fuel Quantity (FUEL QTY) 


Displays the present total fuel quantity remaining as obtained from the airplane 
fuel summation unit. 


@p IRS (Xx) 
Displays currently selected IRS. 


ep WIND 


Displays current true wind direction and speed. 


@p Navigation Status (NAV STATUS) 
Push — displays the navigation status page. 
Radio Update Modes 


Displays the type of information (DME, DME-DME, VOR-DME, LOC, 
LOC-DMEBE), identifiers, and frequency being used for updating the FMC 
position. Blank when not being used for updating. 


a nes 


DME I RS(L) DME 
[JJ}EAT a111.00 EPH A112. 60//E—] 


Copyright © The Boeing Company. See title page for details. 


11.41.14 D6-27370-400E-TBCE June 08, 2001 


Flight Management, Navigation - 


Q AOE: Ame: FMC Takeoff and Climb 


737 Operations Manual 


DME Updating 


When possible, only DME information is used from each radio to update the FMC 
position. 


@p VOR/DME Updating 


When required, both VOR and DME information is used to update the FMC 
position. The airplane must be 25 nm or less from the VOR/DME station. 


ep LOC Updating 


When required, localizer information is used to update the FMC. The ILS 
frequencies must be manually tuned when used as an approach aid; however, the 
FMC will auto—tune an ILS/DME station for use in DME updating. During an 
approach, the ILS localizer is used for cross—course position updating. 


GD Updating Unavailable 


The line title will be blank when the radio is not being used for updating. 


@&® Agility Tuning 

When required, a single radio can be automatically cyclic-tuned between two 
DME stations at five-second intervals. Two identifiers and frequencies are 
displayed for the single radio in use. 

RTA Progress Page 2/3 

RTA PROGRESS page is used to initiate the required time of arrival (RTA) mode. 


The RTA PROGRESS page provides advisory data on flight progress in the RTA 
mode and advises of control times such as recommended takeoff time to meet 
RTA. 
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| FLT 430 PROGRESS 173 
FLT 430 PROGRESS 37 3 


———— 


PAGE 
PAGE 


( PERF LIM TS ie || 


|| RTA>|| 


Display before RTA waypoint entry 


RTA PROGRESS 2/3 


Required Time of Arrival Waypoint (RTA WPT) 


Displays dashes when entry is allowed. 
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@— LIMITS 
Push — displays the PERF LIMITS page. 


ep Prior RTA Waypoint (PRIOR RTA) 


Prompt displayed when the RTA waypoint field contains dashes and a previous 
RTA waypoint is still in the flight plan; otherwise blank. 


Push — displays last active RTA waypoint data. 
RTA Progress on Ground and In Flight 


Ground 


ACT RTA PROGRESS 2/3 
RTA 
1031: 002 
TIME ERROR 
ON TI ME 
GMT 
1000: 302 


In flight 


ACT RTA PROGRESS 2/3 
RTA WPT RTA 
EPH 1031: 00z 
RTA SPD TI ME ERROR 
250/ . 633 EARLY 01:30 
SPD REST GMT 
250/ 10000 1000: 
DIST----TO EPH tee 

25NM 1010: 
FIRST--RTA WI NDOW-- - 
1008: 23z 


Copyright © The Boeing Company. See title page for details. 


June 08, 2001 D6-27370-400E-TBCE 11.41.17 


Flight Management, Navigation - 


FMC Takeoff and Climb Qi SOEING 


737 Operations Manual 


Required Time of Arrival Waypoint (RTA WPT) 


Waypoint entry must be in flight plan, or the CDU message NOT IN FLIGHT 
PLAN will be displayed. 


Entering a valid waypoint will generate a MOD RTA PROGRESS page and 
illuminate the EXEC key. 


Deletion of the RTA waypoint will create a MOD RTA PROGRESS page with all 
data blanked and EXEC key illuminated. Execution will exit the RTA mode. 


Deletion of the RTA waypoint does not remove the waypoint from the flight plan. 


The RTA waypoint automatically clears, and the FMC exits the RTA mode after 
sequencing the RTA waypoint out of the flight plan. 


@p Recommended Takeoff Time (RECMD T/O) 
Displays the recommended takeoff time to meet the planned RTA. 


Time is based on entered cost index. 


@p Distance To RTA Waypoint (DIST - --- TO XXXX) 
Displays the distance (DIST) to the RTA waypoint. 


Displays estimated time of arrival (ETA) to the RTA waypoint based on: 
¢ immediate takeoff 
¢ MIN/MAX speeds on PERF LIMITS page 
¢ entered forecast winds. 


@®p Takeoff Window (FIRST - - T/O WINDOW - - - LAST) 


Displays earliest (FIRST) and latest (LAST) takeoff times to meet the planned 
RTA. 


Times are based on MIN/MAX speeds on the PERF LIMITS page. 


@p Required Time of Arrival (RTA) 
After RTA waypoint entry, initially displays current ETA based on the active flight 
plan and performance parameters at the time of waypoint entry. 
Desired RTA may be entered by overwriting displayed data. 
Entry must be in one of the following forms: 
¢ XXXXXxX (hr/min/sec) 
¢ XXXX (hr/min) 
¢ XXXX.X (hr/min/tenths of min). 
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Gp TIME ERROR 


Displays the most recent time error in minutes and seconds up to a maximum of 
59:59 minutes. 


Displays ON TIME if GMT is within current T/O WINDOW 


Displays EARLY or LATE as appropriate if GMT is not within current T/O 
WINDOW. 


Greenwich Mean Time (GMT) 
Displays the actual GMT. 


=p Required Time of Arrival Speed (RTA SPD) 
Displays the target speed required to meet the planned RTA. 
Same as speed displayed on RTA CLB, CRZ, or DES page. 


Limited by MIN/MAX speeds on the PERF LIMITS page and any entered speed 
restriction. 


@® Speed Restriction (SPD REST) 


Displays the current speed restriction affecting RTA progress. 


@p Arrival Time Window (FIRST - - RTA WINDOW - - - LAST) 


Displays earliest (FIRST) and latest (LAST) achievable arrival times at the RTA 
waypoint. 


Times based on MIN/MAX speeds on PERF LIMITS page, existing winds, and 
entered forecast winds. 


LIMITS 
Push — displays PERF LIMITS page. 


@® TIME ERROR 


Displays the difference between the ETA and the RTA plus the TIME ERROR 
TOLERANCE on the PERF LIMITS page. 


Progress Page 3 


The last progress page displays wind, track, path, temperature, and speed data. 
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RTA PROGRESS 2/3 

et | 
FLT 430 PROGRESS 1/3 

{Pre | 


FLT 430 PROGRESS 3/3 
TAI LWI ND CROSSWI ND 
27KT R  3kT 
WI ND SAT/1SA DEV 
104° / 27 - 40° c/ Oc 
XTK ERROR VERT DEV 

LO. 1NM 12HI 


TAS 
426kT 


HEADWIND/TAILWIND 


Displays the present headwind or tailwind component. 


@p WIND 


Displays the present true wind direction/speed. 


@&p Crosstrack Error (XTK ERROR) 
Displays present cross—track error (left or right) from the lateral guidance path. 


Blank if error is greater than 99.9 nm. 


BD CROSSWIND 


Displays present crosswind component (left or right). 
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@p Static Air Temperature/ISA Deviation (SAT/ISA DEV) 
Displays present SAT and the equivalent ISA deviation. 


@@ Vertical Deviation (VERT DEV) 
Displays present computed deviation (HI or LO) from the FMC vertical path. 


Blank if descent is not active or path is not available. 


True Airspeed (TAS) 
Displays present TAS. 
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Limit Page 
N1 Limit Page 
The N1 LIMIT page provides thrust limit and reduced climb thrust selection. 


Normally, N1 limits are automatically specified. Pilot selection of other limits is 
allowed. 


Pilot selection of a reduced climb mode does not change the automatic selection 
for other phases of flight. 


A pilot selected mode is automatically replaced by AUTO selection when the 
autopilot changes to the next vertical mode. 


The active thrust limit is used by the autothrottle and is displayed on the thrust 
mode display. 


N1 a 1/4 


AUTO <ACT> 


91. 
90. 
90. 
86. 


REDUCED-CLB 
CLB-1 <SEL> 


Automatic (AUTO) 


Push — selects the automatic computation of N1 limits for all phases of flight. 


@— Go-Around (GA) 


Push — selects the go—around thrust limit. 
Bp Continuous (CON) 
Push — selects the maximum continuous thrust limit. 
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@®D Climb (CLB) 


Push — changes the thrust mode from AUTO to the active climb thrust, i.e. CLB, 
CLB-1, or CLB-2. 


Gp Cruise (CRZ) 


Push — selects the cruise thrust limit. 


@p Reduced Climb (REDUCED-CLB) 

Push — selects either of two reduced climb thrust modes. 

CLB-1 provides a climb limit reduced by 3% NI. 

CLB-2 provides a climb limit reduced by 6% NI. 

The reduced climb N1 value is displayed on the CLB pages. 

If either mode is <SEL>, deletion allows return to full rated climb thrust. 


Any reduced climb selection is automatically deleted above 15,000 feet. 


Note: Ifa reduced thrust takeoff has been specified on the TAKEOFF REF page, 
then either CLB—1 or CLB—2 may be automatically specified if required to 
avoid a climb N1 value greater than the RED-TO N1. 


Active Status Label (<ACT>) 


Identifies the active N1 thrust limit. 


ep Nl 
Displays the N1 for individual thrust limits based on present conditions and bleed 


air configuration. 


If CLB-1 or CLB-2 is selected, the N1% for CLB and the N1 cursors still display 
values for full rated climb. 


Engine Out Climb 


Engine out climb advisory data is available on the CLB page. Engine out data is 
also available with both engines operating. The engine out climb phase 
automatically transitions to the engine out cruise phase when reaching the cruise 
altitude. 


Engine Out Climb Page 


Displays advisory information for an engine inoperative condition. 
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ACT CLB 
|| ENG OUT> 
<< —_ 
ACT CLB 
Be ||<bT ENG OUT RT ENG OUT>|| 


<LT ENG OUT RT ENG OUT> 


<MAX RATE ECON> 


<MAX ANGLE ERASE> 


Engine Out (ENG OUT) 
Push — permits access to ENG OUT CLB page. 


@® Left/Right Engine Out (LT ENG OUT / RT ENG OUT) 

Displayed after selection of ENG OUT prompt. 

Selection of left or right engine changes display to MOD ENG OUT CLB page. 
(U7.5) The execution light does not illuminate and the page can not be executed. 


After viewing engine out data, select ERASE to return to the active climb mode. 
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G&D Cruise Altitude (CRZ ALT) 


Displays the current active cruise altitude. Value is forwarded from either the 
PERF INIT or another CLB page. Manual entry is allowed. 


@@p Target Speed (TGT SPD) 


Displays the optimum engine out climb speed. 


Gp Maximum Altitude (MAX ALT) 


Displays the maximum altitude at which a company specified rate of climb can be 
achieved using one engine at maximum continuous thrust (default climb rate is 
100 fpm). 


After page selection, the FMC accounts for wing and engine anti-—ice, air 
conditioning, and the engine bleed of the operating engine. 


ap Ni 

Displays N1 for maximum continuous thrust. 

(Prior to U7.5) If the page is executed, this becomes the active N1 limit. N1 is 
computed using actual bleed conditions. 

Left/Right Engine Out (LT ENG OUT / RT ENG OUT) 


The selected engine out is highlighted in reverse video. 


Air Turnback 


Arrivals Page 


During a turn—back situation, the crew requires quick access to the arrivals 
information for the origin airport. The DEP/ARR INDEX and ARRIVALS pages 
provide access without changing the destination on the RTE page. 
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DEP/ ARR | NDEX 1/1 


KBFI ARR> 
KMWH ARR> 


~<—__ 
KBFI ARRI VALS 1/1 
STARS APPROACHES 
—]}| CHNS2 1LS13R}J[ 
RUNWAY d 
—]]|GLSR3 13R}JJ-_ = 
—]|||J WBN5 31L]}[—_ 
TRANS 
——]}]EPH 
—]]|GEG — 
SS||<ERASE —_ ROUTE | |= 


Standard Terminal Arrivals Routes (STARS) 
Displays STARS for the origin airport. 


@® Transitions (TRANS) 
Displays all transitions associated with the selected STAR for the origin airport. 


@® APPROACHES 


Displays approaches for the origin airport. 


@B RUNWAYS 


Displays runways for the origin airport. 
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Flight Management, Navigation Chapter 11 


FMC Cruise Section 42 


Introduction 
The cruise phase automatically begins when the top of climb is reached. 
During cruise, the primary FMC pages are: 

¢ RTE LEGS 

¢ PROGRESS 

¢ CRZ. 
The RTE LEGS pages are used to manage route restrictions and modify the route. 
The PROGRESS pages display flight progress information. RTA requirements are 
also specified on the PROGRESS pages. The CRZ pages display VNAV related 
information. Other pages include: 

¢ POS REF page — verifies the FMC position (refer to Section 40 of this 

chapter) 


¢ POS SHIFT page — permits selection of preferred position from a list of 
references 


¢ RTE DATA page - displays progress data for each waypoint on the RTE 
LEGS page. Displays wind data for cruise waypoints 


¢ REF NAV DATA page — displays information about waypoints, navaids, 
airports, or runways 


¢ (U7) LATERAL OFFSET page — permits selection of a route offset 


¢ FIX INFO page — displays information about waypoints, and can be used 
to create new waypoints and fixes 


¢ SELECT DESIRED WPT page — permits selection of the desired 
waypoint from a list of duplicate named waypoints. 


¢ (U7) NAV STATUS page — displays information about available 
navigation aids. 
The only cruise mode automatic page changes are the transition from climb to 
cruise at the top of climb point and from cruise to descent at the top of descent 
point. 


LNAV Modifications 
This section presents the normal techniques for modifying the route. The 
modifications include: 

¢ adding and deleting waypoints ¢ linking discontinuities 

* resequencing waypoints * intercepting a course. 
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RTE LEGS Page Modifications 


When modifications are made to the RTE LEGS page, several automatic prompt 
or identifying features assist in managing and executing the modifications, such 
as: 


e ERASE 
e INTC CRS. 


A waypoint can be added to the route whenever necessary. 


The new waypoint must first be placed into the CDU scratchpad. Existing 
waypoints can be copied from a RTE LEGS page into the scratchpad by pushing 
the line select key adjacent to the desired waypoint. 


The new waypoint is then inserted into the route at the desired sequence point by 
pushing the line select key adjacent to the desired location for the new waypoint. 
Using the NEXT PAGE/PREV PAGE function keys to select the desired location 
does not alter the CDU scratchpad. The new entry automatically links to the 
preceding waypoint via a direct route. Placing the new waypoint into the active 
waypoint line is a special case and is discussed under Intercept Course in this 
section. 


All new waypoints, except downpath waypoints, cause a route discontinuity 
between the new waypoint and the following waypoint. 


Note: If the FMC NAV database contains a HOLD pattern at the FAF, executing 
a database approach with a procedure turn and then executing a HOLD at 
the same FAF, using any inbound course, may cause a discontinuity 
between the FAF and the procedure turn. If the discontinuity is removed, 
LNAV guidance is available to fly the approach from the published holding 
pattern. LNAV guidance is not available to fly the published procedure 


turn. 
1 MOD RTE LEGS 1/4 
: 2NM 
.637/ FL190 
2 
e— 
DISCONTINUITY - 5 
300/ FL190 
&a_—_ DATA> 
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Page Title 


When the page is modified, MOD appears in front of the title in reverse video. 
This means the route is now altered. The MOD title also shows that the 
modifications are not yet executed and can be removed using the ERASE prompt. 


@® Modified Waypoint 


EPH waypoint is entered into the route between BEEZR and ELN. This 
modification creates a route discontinuity. 


BD Route Discontinuity 


Box prompts indicates a break in the route structure and the ability to link the route 
by entering a route waypoint into the discontinuity box prompts. 


@B ERASE 


The ERASE prompt is displayed when the first modification is entered. The 
prompt remains on the page until the modifications are erased or executed. 
Selecting ERASE removes all modifications and restores all active data. 


@&p ROUTE DISCONTINUITY 


Indicates that the route is not continuous. Distance to destination on the 
PROGRESS page is not correct. 


Progress Page 


FLT 430 PROGRESS 
FROM ALT ATA 
BANDR FL174 13552 
088° DTG ETA 
BEEZR 22 13592 


064° 
EPH 87 


MOD 
KMWH 134 
TO T/D 
14022Z/ 26NM 


= 
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Modified (MOD) 
Displays MOD when the route is being modified. 


CAUTION: The displayed values on the destination line now reflect the 
modification and may not be accurate for the active flight plan. 


Deleting Waypoints 


Waypoints can be removed from the RTE LEGS page. There are two normal 
methods to remove a waypoint: 


e delete the waypoint using the DEL function key (not possible for the 
active waypoint and conditional waypoints) 


* resequence the route by moving a down-route waypoint up in the 
sequence and automatically removing all waypoints that are between. 


During the deletion process, all of the route prior to the deletion point remains 
unchanged. Removing a waypoint using the DEL function key causes a route 
discontinuity to replace the deleted waypoint. 


1 ACT RTE LEGS 1/4 
087° 1NM 
310/ FL190 
26NM 
270/ FL190 


NM 
. 790/ FL190 
47NM 
240/ 8197 
10NM 
240/ 5723 
EXTENDED 
DAT A> 


19 


MOD RTE LEGS 1/4 
087° 1NM 
—|||BANDR 310/ FL190 
THEN 


- ROUTE DISCONTINUITY - 
—]]|ELN . 790/ FL190 


Active Route Legs (ACT RTE LEGS) 
The existing route shows BANDR followed by BEEZR and ELN. 
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@® DELETE Entry 


Push the DEL key to arm the delete function. DELETE is displayed in the 
scratchpad. 


Ep Delete BEEZR 


With DELETE displayed in the scratchpad, push the line select key left of BEEZR 
to delete the waypoint. Box prompts replace BEEZR, and a route discontinuity 
follows the box prompts. 


Resequencing Waypoints 


ACT RTE LEGS 1/4 
: 1NM 
310/ FL190 
6NM 


270/ FL190 
9NM 
. 790/ FL190 


8197 


240/ 5723 
EXTENDED 
2.0/0.21NM DAT A> 
PLUSS 


MOD RTE LEGS 1/4 
087° 1NM 
—|]|BANDR 310/ FL190 — 
069° 85NM 
PLUSS 240/ 7923 — 
055° 10NM 
— ||| MWH 240/ 5633 — 


Active Route 


The existing route shows BANDR followed by BEEZR, ELN then PLUSS. The 
airplane is cleared BANDR direct PLUSS. The PLUSS waypoint is copied into 
the scratchpad. 


@&® Resequence PLUSS 


PLUSS is entered after BANDR. BEEZR and ELN are automatically removed, 
and the route remains continuous. 
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Leg Bypass 


ACT RTE LEGS 1/4 
087° 1NM 
BANDR 310/ FL190 
089° 26NM 
BEEZR 270/ FL190 
089° 19NM 
ELN . 790/ FL190 


041° iNM BYPASS 1 
ELNO1 . 790/ FL190 
055° 47NM 

PLUSS 240/ 8294 
- RNP/ ACTUAL EXTENDED 
2.0/0.21NM DAT A> 


Bypass Notification 


A waypoint (ELNO1) has been entered into the route which is very close to another 
route waypoint (ELN). It is impossible for the airplane to turn and capture the leg 
between ELN and ELNO1, so a bypass is noted. 


Turn construction is based upon FMC criteria which assume that LNAV is 
engaged. Normal turn construction may not be possible under certain 
combinations of airspeed, short leg length, and a significant change in leg 
direction. If normal turn construction cannot provide a continuous path, the FMC 
bypasses the affected leg and uses alternative turn construction to intercept the leg 
to the subsequent waypoint. When the bypass is for the active waypoint, the 
waypoint remains active until the airplane passes abeam. 


Any mandatory altitude—crossing restriction for the bypass waypoint is still 
observed if VNAV is engaged, based on passing abeam the waypoint. 


If a triple bypass condition occurs (bypass of three consecutive legs), a route 
discontinuity will be inserted. 


Removing Discontinuities 


A discontinuity exists when the FMC is unable to determine the route leg 
following a waypoint. Discontinuities are removed by linking the route segment 
following the discontinuity to the route segment preceding the discontinuity. 


The next desired waypoint from the subsequent route is copied into the CDU 
scratchpad and entered into the discontinuity box prompts, just as when adding a 
waypoint. 
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ACT RTE LEGS 1/4 
087° 1NM 
BANDR 310/ FL190 


ROUTE DI SCONTIN 
/ 


UILTY - 
. 790/ FL190 
47NM 
240/ 8693 
10NM 
210/ 4000 
- RNP/ ACTUAL EXTENDED 
2.0/0.21NM DATA> 


ELN 


. 790/ FL190 


055° 47NM 
PLUSS 240/ FL190 


ROUTE DISCONTINUITY 


The active route shows a discontinuity. The airplane must fly direct from BANDR 
to ELN. The ELN waypoint is copied into the scratchpad in preparation to remove 
the discontinuity. Any waypoint from the route can be copied into the scratchpad 
to remove the discontinuity. 


@® Continuous Route 

ELN is copied into the box prompts to remove the discontinuity. 

Entering a waypoint which does not already exist on the route moves the 
discontinuity one waypoint farther down the route. 

Direct To or Intercept Course 


To fly direct to a waypoint or intercept a course to a waypoint, enter the waypoint 
name on the active waypoint line, the first line on the MOD RTE LEGS 1/X page. 
This example shows the result with PLUSS entered into the active waypoint line. 
A new entry onto this waypoint line displays INTC CRS in the lower right. 
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ACT RTE LEGS 1/4 
087° 1NM 

BANDR 310/ FL190 
: 26NM 


270/ FL190 


19 


NM 
. 790/ FL190 


47 


NM 
. 790/ FL190 


NM 

. 790/ FL190 
- RNP/ ACTUAL EXTENDED 
2.0/0.21NM DAT A> 


LEGS 1/3 
98NM 
790/ FL190 
10NM 
. 790/ FL190 


16 


NM 
. 790/ FL190 
87NM 
284/16190 


MOD RTE LEGS 1/ 
055° 98NM 
PLUSS . 790/ FL190 


MOD RTE LEGS 1/ 
96NM 
. 790/ FL190 
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Direct Course 


Direct course from airplane present position to entered waypoint. 


Execute to proceed direct to active waypoint. 


@p Intercept Course (INTC CRS) 
Displayed whenever the active waypoint name is modified. 


Displays flight plan leg direction to entered waypoint in small font. Displays 
dashes if entered waypoint was not in the flight plan. 


Valid input is any course from 000 through 360. May be changed until executed. 
Entered or selected value displays in large font. 


Push — puts displayed course into active waypoint leg direction. Enables intercept 
course function. 


ep Leg Direction 


Displays the course inbound to the active waypoint after selecting the course 
displayed in the INTC CRS line. 


@® Crew Desired Intercept Course 


The crew can select any inbound course to the active waypoint by first entering 
the course into the scratchpad. 


@p Intercept Course (INTC CRS) — Change 

Enter the inbound intercept course to the modified waypoint in the scratchpad. 
Select the INTC CRS line to change the leg direction. 

The example shows 060° intercept course to PLUSS entered in the INTC CRS 
line. 

Direct To/Intercept Leg To 


Proceeding direct to a waypoint or intercepting a course to a waypoint may be 
accomplished by using the direct intercept (DIR INTC) mode select key. Pushing 
the DIR INTC key adds box prompt options to the bottom of the ACT RTE LEGS 
page. 

Using line select or manual entry, the desired waypoint is entered into the 
scratchpad. The waypoint is then moved into the appropriate boxes. 
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DIR 
INTC 


310/ FL190 
26NM 
270/ FL190 


NM 
. 790/ FL190 


19 


47 


NM 
. 790/ FL190 
10NM 


. 790/ FL190 
INTC LEG 


DIRECT TO-.- +. INTC LEG 


TO 
PLUSS 


DIRECT TO Boxes 


Entering the desired waypoint in these boxes makes that waypoint the active 
waypoint and establishes a course direct to the waypoint. 


@® Intercept Leg To (INTC LEG TO) Boxes 


Entering the desired waypoint in these boxes makes that waypoint the active 
waypoint and allows an intercept course to be specified to the waypoint. 


pp Scratchpad Entry 


The desired waypoint is entered in the scratchpad, then line selected to the 
appropriate boxes. 
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Direct To 
MOD RTE LEGS 1/3 
1 : 98NM 


790/ FL190 
10NM 


. 790/ FL190 
NM 
. 790/ FL190 


16 


87NM 
284/16190 


Direct Course 
Direct course from airplane position to entered waypoint. 


Execute to proceed direct to active waypoint. 


Intercept Leg To 


MOD RTE LEGS 1/3 
1 ‘ 98NM 
790/ FL190 
10NM 
. 790/ FL190 


NM 
.790/ FL190 
87NM 
284/16190 


16 
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MOD RTE LEGS 1/3 
060° 96NM 
. 790/ FL190 


ei edoetseeg fees es INTC CRS 
060° 


MOD RTE LEGS 1/4 
4 076° 87NM 
EPHO 1 310/ FL190 
THEN 


Intercept Course (INTC CRS) 


A waypoint already in the route has an existing inbound course. When the 
waypoint is inserted into the INTC LEG TO box prompts, the waypoint becomes 
the modified active waypoint. The existing inbound course is displayed above the 
waypoint and on the INTC CRS line in small font. Execution changes the MOD 
page to ACT. 


After completing the desired modifications, the crew must ensure that LNAV is 
engaged to fly the intercept course. In order to engage LNAV, the airplane must be 
on an intercept heading to the course. 


@® Crew Desired Intercept Course 


The crew can select any inbound course to the active waypoint by first entering 
the course into the scratchpad. 
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Ep Crew Selected Intercept Course 


After entering a course into the scratchpad, selecting the INTC CRS line transfers 
the new course to the INTC CRS line and to the active waypoint. 


After completing the desired modifications, the crew must ensure that LNAV is 
engaged to fly the intercept course. In order to engage LNAV, the airplane must be 
on an intercept heading to the course. 


@®p Intercept Course (INTC CRS) 


A waypoint not already in the route is inserted into the INTC LEG TO box 
prompts. It becomes the modified active waypoint, and the direct inbound course 
is displayed above the waypoint. Dashes are displayed on the INTC CRS line in 
small font. 


Pilot entry of a course into the dashes replaces the direct course to the modified 
active waypoint. Manual entries are displayed in large font. 


After completing the desired modifications, the crew must ensure that LNAV is 
engaged to fly the intercept course. In order to engage LNAV, the airplane must be 
on an intercept heading to the course. 
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Desired Waypoint/Offset Pages 
Select Desired Waypoint Page 


When a waypoint identifier is not unique (other database waypoints have the same 
name), a selection of which geographical location to use must be made before the 
waypoint can be used in the route. The SELECT DESIRED WPT page is 
automatically displayed when the FMC encounters more than one location for the 
same waypoint name after a waypoint entry. 


SELECT DESIRED WPT 1/1 
ENO VOR 
—]]]114. 8 N40° 38.0 W64° 31.5 Iii 
ENO DME~® eae@ 
—]]]112.4 N44° 27.4 E101° 15. 7]}F 
ENO VORDME 
—]]]116.6 N50° 45.2 WO70° 12. 2])|-— 
=~ —}—_ ep 


[i> u7.5 


Identifier 


Displays the identifier for the duplicate named waypoints. Select the proper 
waypoint by pushing the appropriate left or right line select key. This page is 
automatically removed after a waypoint is selected. 


q@p Frequency 
Displays the frequency of the navaid. 


Blank if the waypoint is not a navaid. 


Ep Latitude/Longitude 
The latitude/longitude is displayed for each duplicate name. 


€@ Type 
Shows type of navaid. 


Blank if the waypoint is not a navaid. 
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Lateral Offset (U7) 


A lateral offset may be specified up to 99.9 nautical miles left or right of course. 
The OFFSET prompt is displayed on the INIT/REF INDEX page and in flight on 
the RTE page. Selection displays the MOD LATERAL OFFSET (or ACT 
LATERAL OFFSET page if an offset already exists). 


Some legs are invalid for offset. These include: 
¢ end of flight plan waypoint 
¢ discontinuity 
¢ beginning of approach transition 
* approach procedure 
¢ DME arc 
¢ heading leg 
¢ holding pattern (except PPOS) 
* certain legs containing flyover waypoints 
* course change greater than 135 degrees 
¢ preplanned termination waypoint. 


ACT RTE 


INI T/ REF | NDEX 1/1 


<| DENT NAV DATA> 


oS MAI i 
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OFFSET 
Selection displays the lateral offset page. 


Lateral Offset Page 


MOD LATERAL OFFSET 


OFFSET DIST 
L10.0 
START WAYPOINT 


Offset Distance (OFFSET DIST) 


Enter the desired lateral offset direction (left or right) and distance. In the example, 
the 10.0 nm offset left of course could be entered L10.0, L10, 10.0L, or 10L. 


Entry results in display of start and end waypoint fields. 


@p START WAYPOINT 
The waypoint at which the offset is to begin may be entered (up to 6 characters). 


Dashes are displayed if current leg is valid for offset. Box prompts are displayed 
if current leg is invalid for offset. 


Offset will begin at first valid offset leg after the start waypoint. 


Deletion of the start waypoint (or no entry) will result in offset beginning at first 
valid offset leg in the flight plan. 


Dp END WAYPOINT 
The waypoint at which the offset is to end may be entered (up to 6 characters). 


Offset will propagate through the flight plan until the end waypoint is 
encountered. 


Deletion of the end waypoint (or no entry) will result in offset continuing until an 
invalid offset leg is encountered. 
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VNAV Modifications 


Three primary cruise modes are available — economy cruise (ECON CRZ), long 
range cruise (LRC CRZ), and cruise with a manually selected speed. Access to the 
various cruise pages is obtained by pressing the CRZ mode select key. 


Cruise Page 


ACT LRC CRZ 


ACT M. 780 CRZ 


ACT ECON CRZ 
CRZ ALT OPT/ MA 
FL340/ 361 
TGT SPD 
MISI0 2004. 52) 
TURB N1 ACTUAL 
87.3/ 87.3% 129° / 


Cruise Altitude (CRZ ALT) 


Displays present cruise altitude in flight level or feet x 100. Value may be entered 
via the keyboard or propagated from the PERF INIT, CLB, CRZ CLB, or CRZ 
DES pages. 


During active cruise, entry of a new value propagates to all other pages which 
display cruise altitude and causes the MOD CRZ CLB or MOD CRZ DES page 
to appear. 
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@® Target Speed (TGT SPD) 


Displays the computed or manually entered value for target airspeed or Mach. 
Computed speed is limited to a maximum of 340 knots or M .82. 


The value is reverse highlighted on an active CRZ page. 


p Turbulence N1 (TURB N1) 
Displays proper N1 for turbulence penetration. 


Value is for reference only. It is not commanded to the autothrottle. 


@®D Fuel at Destination (FUEL AT XXXX) 
Displays the predicted fuel remaining at destination. 


The value assumes continued flight per the displayed cruise and planned descent 
modes along the active route. 


If a step to altitude is entered on line IR, the computation assumes that the step 
will occur at the step point. After passing the step climb point, the predicted fuel 
weight is based on an immediate step climb from current position. 


@&p Cruise page Prompts 
Allow line selection of various CRZ pages. 
The RTA prompt is replaced with ERASE when a MOD page is displayed. 


Gp Optimum/Maximum Altitude (OPT/MAX) 


OPT — displays the computed optimum altitude for the displayed cruise mode. The 
value is not constrained by minimum cruise time criteria (as is the TRIP ALT on 
the PERF INIT page). 


MAX - displays the maximum possible altitude based on the selected target speed 
and the specified maneuver margin. 


Values are advisory only. They are provided for crew reference. 


STEP Altitude 


This line may be used to enter a possible step climb or descent altitude for crew 
evaluation. 


The line will be blank when within 100 nm of top of descent or when RTA mode 
is active. 


€p To Top of Descent (TO T/D) 


Displays time of arrival at and distance to top of descent point. 
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The data is always displayed when the distance is less than 100 nm. If the distance 
is more than 100 nm, the data will be displayed only if a step altitude has not been 
entered. The distance is blank if it is greater than 999 nm. 


Gp ACTUAL WIND/Estimated Wind (EST WIND) 
Displays computed or manually entered true wind for present altitude. 


A manual entry has priority. The data line title then changes ACTUAL WIND to 
estimated wind (EST WIND). 


The displayed value is used as the assumed true wind at the step to altitude for 
making wind/altitude trade computations. 


RTA Cruise 
If an RTA waypoint has been specified, the CRZ page will reflect the RTA data. 


ACT RTA CRZ 
CRZ ALT OPT/ MAX 
FL330 FL340/ 361 
TGT SPD 

780 2004. 52Z/ 
TIME ERROR ACTUAL 


Target Speed (TGT SPD) 
Displays the computed speed required to meet the RTA. 


When RTA mode is exited by waypoint sequence or by deletion, this speed 
changes to FMC target speed on a manual speed CRZ page, and the scratchpad 
message SELECT MODE AFTER RTA is displayed. 


@® Time Error 
Displays the computed time error at the RTA waypoint. 
Same as time error on RTA PROGRESS page. 
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ACT ECON CRZ 1/4 
CRZ ALT OPT/ MAX STEP 
—]}/FL330 FL340/ 361 FL350 CEB 
TGT SPD STEP POINT 
—}). 780 2004.5Z; 100Nu¢——+——_@ep 
TURB N11 EST WIND 
—]]} 87.3/ 87.3% 129°/ 149-—+——_@D 
FUEL AT KSEA SAVINGS 
C1 W STEP 12.5 1.3% r 5) 
— ENG OUT>||[-—— 
—|||<LRC RT A>|}|—— 


Fuel at Destination with Step Climb Altitude (FUEL AT XXXX) 


The computation assumes the step climb will occur at the STEP POINT, and the 
value is prefixed by W/STEP. 


@p® Step Altitude (STEP) 
Used to enter step climb or step descent altitudes for crew evaluation. 


Blank when within 100 nm of top of descent or when RTA mode is active. 


ep STEP POINT 


Displays the computed ETA at, and distance to, the first possible step climb point 
based on gross weight. 


If already past the STEP POINT, the data line changes to NOW as long as savings 
are positive. 


Blank if no entry on STEP line. 


@p ACTUAL WIND/Estimated Wind (EST WIND) 


Used as the assumed true wind at the STEP altitude for making wind—altitude 
trade computations. 
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@p SAVINGS/PENALTY 


Displays the predicted cost savings or penalty associated with flying the displayed 
speed/altitude step climb or descent profile, as compared to flying the current 
cruise speed schedule and maintaining present altitude to top of descent. 


Blank if no step data entered. 


Cruise Climb 


The CRZ CLB page displays data for a cruise climb to a new cruise altitude. 


MOD CRZ CLB is automatically displayed during cruise if a higher cruise altitude 
is entered on the CRZ page. 


During VNAV operation, execution initiates a climb at climb thrust and cruise 
target speed to the new altitude. 


The VNAV climb mode is active until reaching the selected altitude. The mode 
then automatically changes back to cruise. 


CLB 
MOD CRZ CLB 174 
CRZ ALT 
enp——_ FL350 = 
TGT SPD TO FL350 
(2) —__ . 780 2004.5Z/ 15nme—— ED 
SPD REST EST WIND 
foe fiee os 129°/ 14 
St Si Sie: oS, Shh see pees oe SAVINGS 
—|||<ECON 1 % | [== 
F=J|!<mMax RATE ~—CEENG OUTS>||-—] 
—]}|<MAX ANGLE ERASE>| |[-— 


Cruise Altitude (CRZ ALT) 
Initially displays the CRZ ALT entered on the CRZ page. 


Manual entry may be made. 


@® Target Speed (TGT SPD) 
Displays target cruise speed for the displayed cruise altitude. 


Manual entry may be made. 
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ep TO FLXXx 
Displays ETA at, and distance to, the displayed cruise altitude. 
RTA Cruise Climb 


The RTA CRZ CLB page displays the same data as the CRZ CLB page except for 
the TIME ERROR line. 


<MAX RATE 
<MAX ANGLE 


TIME ERROR 
Displays the computed time error at the RTA waypoint. 
Same as time error on RTA PROGRESS page. 


Cruise Descent 
The CRZ DES page displays data for a cruise descent to a new altitude. 


MOD CRZ DES is automatically displayed during cruise if a lower cruise altitude 
is entered on the CRZ page. 


During VNAV operation, execution initiates a descent at 1,000 feet per minute and 
cruise target speed to the new altitude. 
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CRZ DES 
MOD CRZ DES 1/1 
CRZ ALT 
C1 FL280 — 
TGT SPD TO FL280 
en . 780 2004.5Z; 15N ED 
SPD REST ACTUAL WI ND 
—]]240/ 10000 129°/ 14] |E— 
PENALTY 
= 1. 3% |[E— 
—} == ~——sS«& PLANNED DESs> —— | 
—]]| <F ORECAST ERASES>| |[-—— 


Cruise Altitude (CRZ ALT) 
Initially displays the CRZ ALT entered on the CRZ page. 


Manual entry may be made. 


@® Target Speed (TGT SPD) 
Displays target cruise speed for the displayed cruise altitude. 


Manual entry may be made. 


ep TO FLXXx 
Displays ETA at, and distance to, the displayed cruise altitude. 


@@p Planned Descent (PLANNED DES) 


Shows the planned DES page and allows access to the planned standard descent 
mode. 


RTA Cruise Descent 


The RTA CRZ DES page displays the same data as the CRZ DES page except for 
the TIME ERROR line. 
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ACT RTA CRZ DES 1/4 
CRZ ALT TIME ERROR 
FL240 LATE 10:54 
TGT SPD TO FL240 
. 780 2004. 52/ 15NM 
SPD REST ACTUAL WIND 
240/ 10000 129°/ 14 


PLANNED DES> 
< FORECAST RT A> 


TIME ERROR 
Displays the computed time error at the RTA waypoint. 
Same as time error on RTA PROGRESS page. 


Engine Out Cruise 


The engine out cruise page may be accessed by selecting the ENG OUT prompt 
on the CRZ page. The page displays advisory information for a one engine 
inoperative condition. Engine out data is also available with both engines 


operating. 


The FMC accounts for current gross weight and actual bleed conditions. 


(Prior to U7.5) When activated, all subsequent performance predictions are 
blanked and VNAV cannot be engaged. 


11.42.26 
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ACT CRZ ¢ 4 
|| ENG OUT >f 


ACT CRZ 1/1 


EB #1<LT ENG OUT RT ENG ouT>|| 


<LT ENG OUT RT ENG OUT> 


<ECON 


<LRC 


Engine Out (ENG OUT) 
Permits access to ENG OUT CRZ page. 


@® Left/Right Engine Out (LT ENG OUT/RT ENG OUT) 


Selection changes display to MOD ENG OUT CRZ page. The MOD ENG OUT 
CRZ page is information only. 


(U7.5) The execute light does not illuminate and the page can not be executed. 


After viewing page data, select ERASE to return to the active CRZ page. 


p Target Speed (TGT SPD) 


Displays the optimum speed based on minimum drag. 
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ap N1 
Displays N1 for maximum continuous thrust. 
If the page is executed, this becomes the active N1 limit. 
(Prior to U7.5) If the page is executed, this becomes the active N1 limit. 


N1 is computed using actual bleed conditions. 


@p Maximum Altitude (MAX ALT) 


Displays the computed maximum altitude at which a company-specified rate of 
climb can be achieved, using one engine at maximum continuous thrust. Default 
climb rate is 100 feet per minute. 


@® Left/Right Engine Out (LT ENG OUT / RT ENG OUT) 


Selected engine out is shown in reverse highlighting. 


Early Descent 


Early descents are initiated from the DES page. Once an early descent is executed, 
VNAV transitions to the descent mode, and cruise features are no longer available. 


For a VNAV path descent the CAPTURE prompt will not be displayed until a 
descent path is established. Once executed, the autothrottle adjusts thrust to 
maintain 1,000 feet per minute until intercepting the descent path. 


For a VNAV speed descent, the autothrottle retards to idle, and pitch maintains 
target speed. 


(rr ECON DES 177) 


[=] ||<F ORECAST cAPTURE-}—} — 


CAPTURE 


Selecting the PATH DES page before reaching the top of descent displays the 
PATH DES page with the prompt CAPTURE on the bottom right of the page. 
Selecting and executing the CAPTURE prompt initiates a VNAV descent of 1000 
feet per minute at ECON speed. Upon reaching the planned descent path, VNAV 
transitions to maintain the planned descent path. 


Selecting the SPD DES page and executing the CAPTURE prompt initiates a 
VNAV descent at idle thrust and target speed. 
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Route and Waypoint Data 


Route Data (RTE DATA) Page 


The RTE DATA page displays ETAs for each waypoint on the RTE LEGS page. 
This page also displays forecast wind data for cruise waypoints. 


One page displays data for five waypoints. 


ACT RTE LEGS 1/2 
RNP/ ACTUAL----- EXTENDED 
—||]2.80/0.15NM DAT A> 


ACT RTE DATA 1/2 


Waypoint 
Displays the same waypoint identifier as on the corresponding RTE LEGS page. 


The active waypoint is highlighted in reverse video. 


@® Estimated Time of Arrival (ETA) 


Displays estimated time of arrival to displayed waypoint. 


Gp WIND 


Used for entry and/or display of the true wind at the cruise waypoint identified on 
the same line. 
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Entry may be via the keyboard or propagated from the CRZ WIND entry on the 
PERF INIT page. 


The CRZ WIND value (075°/45 is depicted) propagates to all cruise waypoints 
(BANDR to ELN is the depicted cruise segment). 


If no CRZ WIND entry was made, the FMC assumes 000°/000. 


A keyboard entry has priority and propagates to all down path cruise waypoints 
(an entry of 080°/105 at BREEZR is depicted). The entry must be executed. 


Any entries propagated from the CRZ WIND entry are displayed in small font. 
Keyboard entries are displayed in large font. 

Crew entries of forecast winds (or default 000°/000) are automatically biased with 
the actual wind computed by the FMC when within 100 NM of a cruise waypoint 
and within 2,000 feet of a cruise altitude. (U4 and on) Biased values are not 
displayed. 

Blank for non—cruise waypoints (PLUSS and MWH are depicted). Entry is 
inhibited. 


@p LEGS 
Selection displays the RTE LEGS page. 
Position Shift Page 


On the POS SHIFT page, each prompt indicates the bearing and distance of the 
indicated system relative to the FMC position. FMC position is displayed on line 
1R of the POS REF page. The entries with parentheses in the center of the page 
show the active position references. 


Data fields are blank when on the ground. 
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ee (ee POS REF 2/3 
__ Bel [ POS INIT 113 | 


NAV STATUS 1/2 


POS SHI FT>|/[E=— 


POS SHI FT 


RNP/ ACTUAL 
-80/0.15NM 


[> wu 


IRS (X) 
Displays currently selected IRS. 


q@® IRS Left/IRS Right (IRS-L/IRS-R) 
Displays the left and right IRS positions relative to FMC position using current 
Mag/True reference. Blank if IRS position is invalid. 


Push — highlights the line, illuminates the EXEC key, and displays the CANCEL 
prompt. 


Ep Required Navigation Performance/Actual (RNP/ACTUAL) 


Displays the required navigation accuracy compared to actual navigation 
accuracy. 
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ap INDEX 
Push — displays the INIT/REF INDEX page. 


@® RADIO Position 


Displays the radio position relative to FMC position using current Mag/True 
reference. Blank if radio position is invalid. 


Push — highlights the line, illuminates the EXEC key, and displays the CANCEL 
prompt. 


Gp Navigation Status (NAV STATUS) 
Push — displays the NAV STATUS page. 


NEXT 
-—— | Pa | POS REF 2/3 
ee || POS INIT 1/3 
PAGE 


POS SHI FT 


IRS-L 
<274> /0.0NM 


IRS-R 
<075° /0.3NM 
IRS(L) 


DME/ DME 
<313°>/ 11NM 


IRS (X) 
Displays currently selected IRS. 


q@® IRS Left/IRS Right (IRS-L/IRS-R) 


Displays the left and right IRS positions relative to FMC position using current 
Mag/True reference. Blank if IRS position is invalid. 
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Push — highlights the line, illuminates the EXEC key, and displays the CANCEL 
prompt. 


@— DME/DME 


Displays the radio position relative to FMC position using current Mag/True 
reference. Blank if radio position is invalid. 


Push — highlights the line, illuminates the EXEC key, and displays the CANCEL 
prompt. 


ep INDEX 
Push — displays the INIT/REF INDEX page. 


@&p Radio Identifiers 


Displays navaid identifiers and frequencies being used for position updating. 
Blank if radio position is invalid. 


Inflight Position Update 


FMC position update is accomplished on the POS SHIFT page in flight. Selecting 
a prompt stops the updating of the relative position. The bearing and distance is 
highlighted, the EXEC key will illuminated, and a CANCEL prompt is displayed 
in line 6R. 


When the position shift is executed, UPDATE COMPLETE is displayed. 
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Prompt selected 


POS SHI FT 


) I RS-R 
10° /2.3NmM> 
RNP/ ACTUAL RADIO 
.80/0.15NM 084 /0.1NmM 


NAV STATUS> 


IRS-L IRS(L 
<300°/ 11NM 1 


CANCEL> 


POS SHIFT EXECuted 


RNP/ ACTUAL RADIO 
2.80/0.15NM 080°/0. ONM> 
Bad: $8 UPDATE COMPLETE---- 

NAV STATUS> 


<I NDEX 
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Prompt selected 


POS SHI FT 
I RS-L 
274° /0.0Nnm 


| RS-R 
<075° /0.3NM 
| RS(L) 


DME/ DME 
<313°>/ 11NM 


DME/ DME 1 
<313°>/ 11NM ELN 11 
ste UPDATE COMPLETE 
<| NDEX 


[i> 


CANCEL 


Displayed when a line selection is made for position update. Selection prior to 
execution cancels the line selection. 


@® UPDATE COMPLETE 


Displayed after a position shift has been selected and executed. 
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Navigation Data 


Reference Navigation Data (REF NAV DATA) Page 


The REF NAV DATA page provides information about waypoints, navaids, 
airports, and runways. Entering the appropriate identifier initiates the display. 


Entering SUPP in the scratch pad prior to selecting NAV DATA results in display 
of the supplemental navigation data (SUPP NAV DATA) page. 


If the entered identifier is already stored in the permanent, supplemental, or 
temporary database, then relevant data propagates to the subsequent REF NAV 
DATA display. 


If the entered identifier is not stored in any database, the subsequent REF NAV 
DATA display contains box prompts. Following entry of the required information, 
the new data may be stored in the temporary database by executing (except for 
runway data). Data may be subsequently deleted from the temporary database by 
deleting the individual identifier, if the identifier is not presently being displayed 
on another page (e.g., RTE LEGS, PROGRESS, etc.). 


All data stored in the temporary database is cleared at flight completion. 
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—]]}|<! DENT NAV DATA>]|||_= 


REF NAV DATA 
WPT | DENT NAVAID 1 DENT 


| Al RPORT | DENT 


I NHI BIT 


I NHI BIT 


REF NAV DATA 
WPT | DENT NAVAID | DENT 


AIRPORT | DENT 
ae SUMMARY > 


[tu [2>u 


Waypoint Identifier (WPT IDENT) 
Displays dashes initially. 
Any waypoint, navaid or runway can be entered. 


Format for runway entry is “RWnna” where “nn” is a one or two digit numeric 
(with or without leading zeros) and “a” is an optional character L, R, or C. 


In order to access runway data, an airport must be identified. 
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Displays dashes initially. 
Displays box prompts if runway is entered into 1L prior to airport entry. 


An invalid airport/runway pair will result in “NOT IN DATA BASE” displayed in 
the scratchpad. 


ED Navigation Aid Identifier (NAVAID IDENT) 
Displays dashes initially. 
Valid entries are up to 4 alphanumeric characters. 


If the navaid is not contained in the databases, box prompts will appear in related 
data fields needing entry. 


@® DME INHIBIT 


Entry of a DME identifier inhibits use of DME information for FMC position 
updating. 


Any associated VOR can still be used for FMC position updating out to 25NM 
from the station. 


@p VOR INHIBIT 


Entry of a VOR identifier inhibits use of VOR bearing information for FMC 
position updating. 


Any associated DME can still be used for FMC position updating. 


@p SUMMARY 
Selection displays NAV SUMMARY pages. 


Blank if supplemental and temporary databases are empty. 


Navigation Options (NAV OPTIONS) 
Selection displays NAV OPTIONS page. 
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REF NAV DATA 


Waypoint Identifier (WPT IDENT) 


Displays or permits entry of the desired waypoint (5 characters maximum). 
Following entry, the associated data lines are displayed. 


@® LATITUDE/LONGITUDE 


Displays or permits entry of waypoint latitude and longitude. Entry on the REF 
IDENT and RADIAL/DIST lines cause latitude and longitude to be computed and 
displayed. 


p— Magnetic Variation (MAG VAR) 


Displays or permits entry of waypoint magnetic variation. Data is automatically 
computed based on latitude and longitude. 


Manual entry has priority. 


@®D Reference Identifier (REF IDENT) 


Together with RADIAL/DIST, displays or permits entry of reference point for a 
created waypoint. 


@p INDEX 
Selection displays INIT/REF INDEX page. 


@® Radial/Distance (RADIAL/DIST) 


Together with REF IDENT, displays or permits entry of bearing and distance for 
a created waypoint. 
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Navigation Aid Data Display 


REF NAV DATA 


LATITUDE 
N47° 26. 1 


Frequency (FREQ) 


Displays or permits entry of the frequency of the entered navaid. 


@® Navigation Aid Identifier (NAVAID IDENT) 


Displays or permits entry of navaid identifier (5 characters maximum). Following 
entry, the associated data lines are displayed. 


Ep Classification (CLASS) 


Displays or permits entry of the classification of the entered navaid. 


@® ELEVATION 


Displays or permits entry of the elevation (feet above MSL) of the entered navaid. 
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Airport Data Display 


REF NAV DATA 
RUNWAY | DENT 


= 
Al RPORT | DENT 
ea OS ear = 
LATITUDE LONGI TUDE 
—]|}|N47° 31. 8 Wi 22°18. 1] }[-— 
ELEVATION 
= 18FT}~—} 
MAG VAR 
— ai" — 
—]|}|<! NDEX — 


Runway Identifier (RUNWAY IDENT) 


Permits entry of runway identifier. 


@® Airport Identifier (AIRPORT IDENT) 


Displays airport identifier. 


@® ELEVATION 


Displays or permits entry of the elevation (feet above MSL) of the entered airport. 


Runway Data Display 


A runway identifier may be entered on the airport data display page or as a 
waypoint on the REF NAV DATA page. On the airport data display page, entry 
may be in the form of 13R or RW13R. Single digit entries are possible, with or 
without leading zeros.If the waypoint method is used, entry must be in the form 
RW13R, and the proper airport identifier must be entered on the runway data 
display page. Runways must be stored in the permanent navigation database. 
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REF NAV DATA 

RUNWAY | DENT 

RWI 3R 

Al RPORT | DENT 

KBFI 

LATITUDE LONGI TUDE 

N47° 32.4 Wi22°>18.7 
ELEVATION 


13 
LENG 
10000FT304 


Runway Identifier (RUNWAY IDENT) 


Displays runway identifier. 


@® Airport Identifier (AIRPORT IDENT) 


Displays airport identifier. 


@&® LATITUDE/LONGITUDE 


Displays latitude and longitude of entered runway. 


Dp ELEVATION 
Displays elevation (feet above MSL) of the entered runway. 


@p Runway Length (LENGTH) 


Displays length of entered runway in feet and meters. 


Navigation Summary (U7) 


The NAV SUMMARY pages show the contents of the temporary and 
supplemental navigation databases. Contents of the temporary navigation 
database show first, followed by contents of the supplemental navigation 
database. 
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REF NAV DATA 
SUMMARY > 


SUPP NAV SUMMARY) 2/ 2 


TEMP 
WAYPO 


Al RPO 
KDER 
<! NDEX 


Qi BOEING 


NAV SUMMARY 
INTS 


N47°04.5 Wi21°- 


ELN 025/50 
HUMPP035/102 


N43°18.0 W121- 


RDRO25/ 5 


S$13°45.9 E£064° 


DS 


N37°46.2 WO75- 


RTS 


N46°31.2 W123°- 


Shows waypoints stored in the related database. 


Waypoints show in defining format. 


@® Navigation Aids (NAVAIDS) 


Shows navaids stored in related database. 


@® AIRPORTS 


Shows airports stored in related database. 


@@ INDEX 


Push — Shows page (REF NAV DATA or SUPP NAV DATA) used to access NAV 


SUMMARY pages. 


11.42.44 
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Supplemental Nav Data 


TNI 17 REF | NDEX 171 
— NAV DATA>||/——+— 
SUPP 


SUPP NAV DATA 
WPT | DENT NAVAID | DENT 


Al RPORT | DENT 


SUMMARY> 


Supplemental Scratchpad Entry (SUPP) 


The supplemental navigation database is accessed by entering SUPP in the 
scratchpad while on the INIT/REF INDEX page, then selecting the NAV DATA 
prompt. Access is only available on the ground. 


@® Effectivity Date (EFF FRM MON DY/YR) 


Allows entry of month, day, and year that the supplemental database becomes 
valid. The date will be displayed on the IDENT page after entry. Box prompts are 
displayed if an effectivity date is not entered. 


€p Delete All Supplemental Data (DELETE ALL SUPP DATA) 


Data may be deleted from the supplemental database by two methods. Deletion 
may be accomplished one item at a time on the display pages, or the entire 
database may be deleted by selecting this prompt. The prompt is only available 
before entry of an origin airport. 
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Navigation Status Display (U7) 
The NAV STATUS page displays the current status of the navaids being tuned. 


Access to the NAV STATUS display is from the NAV STATUS prompt on the POS 
SHIFT page, the PROGRESS page 1/3, and (in flight) the INIT/REF INDEX page 
or from the NAV OPTIONS page, NEXT or PREV PAGE. 


NAV STATUS 
VOR-L 
1 SEA A116. 80 
DME-L 
SEA 116.80 


IRS (1 )~=@ 


POS SHI FT> 


VOR/ILS and DME Lines 


Lines 1L and 1R display VOR or ILS identifier and frequency tuned on the 
corresponding VHF NAV control panel. 


Lines 2L — 2R through 4L — 4R display up to five DME identifiers and frequencies 
tuned by the corresponding DME receiver. 


Data is displayed in large font with the identifier highlighted if that facility is 
being used for navigation. 


Data is displayed in large font with the identifier not highlighted if that facility is 
being received but not used for navigation. 


Data is displayed in small font if that facility is being tuned but not received. 
If the navaid has failed, FAIL will be displayed in small font. 


If there is no corresponding identifier for the displayed frequency, then the 
identifier field will be blank and only the frequency will be displayed. 
On lines 1L or IR, for VOR/ILS displays, the mode of tuning will be shown: 

¢ M- Manual 

e P-— Procedural 

e¢ A-— Automatic. 
On lines 2L — 2R through 4L — 4R, if no DME information is received then the 
identifier and frequency field is blank. 
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@® IRS Status Display 


Displays the IRS currently selected for use in navigation. “L” or “R” indicates left 
or right IRS is being used in the FMC position calculation. 


Non-Scanning DME in Agility Tuning Mode 


NAV STATUS 1/2 
VOR-L 


ILS-R 
| BFlm110. 90 


DME-R 
| BFl 


— IRS (L) 


—— POS SHI FT> 


Agile Tuning 
During agility tuning, the corresponding VOR or ILS field (1L or IR) blanks. 


The identifiers and frequencies being used for the navigation solution are 
displayed simultaneously on Lines 2L or 2R. 


Navigation Options (U7) 

When a navigation facility or internal system is invalid, the invalid data must be 
inhibited to prevent incorrect position calculations. 

Access to the NAV OPTIONS page is from the NAV OPTIONS prompt on the 
REF NAV DATA page or by selecting NEXT or PREV PAGE on the NAV 
STATUS page. 
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NAV OPT! ONS 
DME I NHI BIT 


VOR I NHI BIT 


DME UPDATE 
<ON/ OFF 


VOR UPDATE 
<ON/ OFF 


DME/VOR INHIBIT 


Enter the identifier of up to two VOR, VOR/DME, VORTAC, or DME stations 
that must not be used for FMC position updates. 


Entries are blanked at flight completion. 


Deleting or overwriting removes a previous inhibit. 


@® DME/VOR UPDATE 


Selection permits switching between ON and OFF modes for updating FMC 
position. Default mode is ON. The current mode is highlighted in reverse video. 


Selection is reset to ON at flight completion. 


Fix Information Page 


Two identical FIX INFO pages are used to identify waypoint fixes for display on 
the EFIS map. If desired, fix information can be copied into the RTE page. Access 
is via the FIX key. 
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10 12000 


32 FL190 


ELN180. 3/ 26. 4 


FIX Name 
Enter the desired fix.. 
Valid entries are airports, navaids, and waypoints from the navigation database. 


The selected fix is displayed on the EFIS map and highlighted by a green circle. 


@® Distance Entry (DIS) 


Enter a distance from the fix. Distances from the fix are displayed on the EFIS 
map as a dashed green circle around the fix. 


When the distance intersects the active route, the ETA, DTG, and predicted 
altitude at the intersection are displayed for that intersection. 


If there is more than one intersection, the data will apply to the first occurrence 
and will sequence as each intersection is passed. 


Valid entries are Xxx.x: 
¢ distance only entries must start with a / 
¢ leading zeros can be omitted for distance 
¢ decimal values can be omitted. 


ETA - displays the estimated time of arrival to the intersection point. 
DTG - displays the distance to go to the intersection point. 
ALT - displays the predicted altitude at the intersection point. 
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ep Radial Entry (RAD) 


Enter a radial from the fix. Radials are displayed on the EFIS map as green dashed 
lines from the fix. 


When the radial intersects the active route, the ETA, DTG, and predicted altitude 
at the intersection are displayed. 


If there is more than one intersection, the data will apply to the first occurrence 
and will sequence as each intersection is passed. 


Valid entries are Xxx. 


Gp Radial/Distance Entry (RAD/DIS) 


Enter a radial, distance, or both radial and distance from the fix. A radial and 
distance from the fix is displayed on the EFIS map by both radial and distance, but 
ETA and ALT fields will be blank. 


@p ABEAM 
Displays the abeam point and calculates the ETA, DTG, and ALT information. 


The fix abeam point ahead of the airplane is displayed by a radial line from the 
waypoint ending at the nearest perpendicular route leg intersection. 


If there is more than one intersection, the data will apply to the first occurrence 
and will sequence as each intersection is passed. 


Gp Route Intersection Point Copied 


Pushing the line select key for one of the RAD/DIS entries copies the fix 
place/bearing/distance definition into the scratchpad. This fix can be placed into 
the route on a LEGS page as a waypoint. 


Radial/Distance From Fix (RAD/DIS FR) 


Displays the radial and distance from the fix to the airplane. This information is 
continually updated as the airplane position changes. 
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Flight Management, Navigation Chapter 11 


FMC Descent and Approach Section 43 


Introduction 


The descent phase begins at the top of descent point and continues to the end of 
descent point. Planning for the descent phase begins during cruise. 


The approach phase begins at the end of descent point and continues to touchdown 
or go—around. When a go—around is accomplished, the FMC enters the cruise 
phase. 

Alternates can be selected at any time. Alternates are available from preflight 
through all phases of flight and can be updated at any time. Diversion to an 
alternate can be accomplished during cruise, descent, or approach. 


The only automatic page change provided in the descent/approach modes is the 
transition from cruise to descent at the top of descent. 


Early Descent 


Early descent may be commenced prior to reaching the top of descent by using the 
CAPTURE prompt. 


Descent 


During descent, LNAV progress is managed using the RTE LEGS and 
PROGRESS pages, as in the cruise phase. VNAV descent management is 
accomplished primarily on the DES page. 


The DES FORECASTS page is also available to enter forecast wind data to aid in 
descent planning. 


Descent Page (During Cruise) 


The descent page is used to monitor, revise, or select the descent path. Descent 
modes are economy (ECON) path or speed and manual path or speed. The default 
VNAV descent mode is ECON PATH. 


The page title reflects the VNAV descent mode. The path mode controls descent 
to fly a vertical path which complies with altitude and speed restrictions in the 
flight plan. The speed mode controls descent at a fixed speed and complies with 
altitude and speed restrictions in the flight plan. 
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During cruise 


| ECON PATH DES 1/1 
270KT PATH DES 1/1 


ECON SPD DES 1/1 


M.720 SPD DES 1/1 
E/D ALT 


ep 4/2018 


TGT SPD TO T/D 


( 3 2 . 720/ 280 2004.3z/ 46NM 


SPD REST 


€a—_ 240/ 10000 


( 6 a <F ORECAST CAPTURE> 


Page Title 


The page title identifies the selected mode. When a manual speed is selected, the 
title includes XXXKT for fixed CAS or M.XXX for fixed Mach selections. 


Displays ACT when the descent phase is active. 


@p End of Descent Point (E/D ALT) 
Displays the end of descent altitude. 
¢ for a PATH DES page, displays the altitude restriction for the E/D 
waypoint; blank if path descent not available 
¢ fora SPD DES page, displays 1,000 feet above destination airport or, the 
lowest “at” altitude constraint, whichever is lower. 
e (U7) If an approach is selected which ends at RWXXX, the E/D altitude 
will be threshold crossing height (TCH), 50 feet above the runway. 
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<p Target Speed (TGT SPD) 


Displays the command speed used above all waypoints constraints, or speed 
restrictions. 


On ECON PATH or ECON SPD DES pages, displays computed values for the 
selected mode. Computed speed is limited to a maximum of 340 knots/M.82. 


Airspeed and/or Mach may be entered using the keyboard. A manual PATH or 
manual SPD DES page will be displayed for the entered value. 


The active controlling speed is highlighted in reverse video. 


Blank for any PATH DES page if a path descent is not available. 


@® Speed Restriction (SPD REST) 


Displays the most restrictive of the following speeds: 

¢ destination airport speed minus 10 knots 

* waypoint speed restriction if greater than minimum flaps up maneuvering 

speed 

¢ minimum flaps up maneuvering speed 

¢ selected Vref + wind correction for landing flap setting 

¢ whenever flaps are extended, the, appropriate flap speed shall be 
displayed as XXX/FLAPS. This shall supersede any other speed 
restriction 
displays XXX/HOLD when decelerating to hold speed prior to hold entry 
fix. 


Dash prompts displayed when there is no active speed restriction. 


Manual crew entries or deletions may be made. HOLD or FLAPS speed may not 
be deleted or modified. 


@p Economy (ECON) 
Displayed on the manual DES pages. 
Push — selects the corresponding ECON SPD or ECON PATH DES page. 


@® Descent Forecasts (FORECAST) 
Push — selects the DES FORECASTS page. 


PATH 
Displayed on the SPD DES pages if a path descent is available. 
Push — selects the corresponding PATH DES page. 


Copyright © The Boeing Company. See title page for details. 


December 07, 2001 D6-27370-400E-TBCE 11.43.3 


Flight Management, Navigation - 


FMC Descent and Approach Qi SOEING 


737 Operations Manual 
ep CAPTURE 
Displayed on the standard DES pages whenever descent is not ACT or MOD. 
Blank for any PATH DES page if a path descent is not available. 
Push — arms the CAPTURE function and illuminates the EXEC light. 


Execution allows early initiation of PATH descent at 1000 fpm until intercepting 
the computed path. 


Execution allows early initiation of a SPD descent. 


Descent Page (During Descent) 


Display when any descent mode is active after beginning of descent. 


During descent 


ACT M.720 SPD DES 1/1 
ACT 270KT PATH DES 1/1 


ACT ECON SPD DES 1/1 


E/D ALT 

2013 

TGT SPD 

. 720/ 280 

SPD REST 

240/ 10000 D145X/ 4000 
FPA V/B  V/8 
3.8 6.2 2360 


<FORECAST 


Vertical Deviation (VERT DEV) 
Displays present deviation (feet HI or LO) from the computed vertical path. 


The deviation is always in relation to the path descent profile, regardless of which 
page is active (PATH DES or SPD DES). 


Blank if a path is not available. 
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@&® Altitude Restriction (AT XXXXX) 
Displays the next waypoint constraint from the RTE LEGS page. 


The constraint is speed/altitude. If an airspeed restriction exists at the waypoint, it 
will be displayed in large font; otherwise the predicted speed will be displayed in 
small font. 


Can be deleted on this page. 


The display is blank when no constraint exists, or for any PATH DES page if a path 
descent is not available. 


€p To Waypoint (TO XXXXX) 


Displays computed ETA and distance to go to T/D when not in an active descent 
mode. 


If an early descent is in progress (initiated using CAPTURE prompt), ETA and 
distance to go to original T/D is displayed until passing the T/D. 


If a descent mode is active, displays ETA and distance to go to the first of the 
following points: 

¢ the waypoint in the AT XXXXX line 

* an intermediate T/D (TO T/D — XXXXX, where XXXXX is the altitude). 


The display is blank if a path descent is not available, or if the AT XX XXX line is 
blank and no T/D information is displayed. 


GD Waypoint/Altitude (WPT/ALT) 

Displays the waypoint and altitude that serves as the basis for the vertical bearing 
(V/B) display on line 4R. 

Normally displays the same waypoint/altitude restriction that is displayed on the 
AT XXXXxX line. 

May be overwritten by pilot entry. 


Dash prompts are displayed if there is no entry. 


@&p Vertical Path Parameters (FPA V/B V/S) 


Displays the following parameters related to the present vertical path: 
e FPA — actual flight path angle based on present ground speed and vertical 
speed (that is, the present vertical bearing being flown) 
¢ V/B — vertical bearing direct from present position on the WPT/ALT line 
(that is, the flight path angle required if flying direct to the waypoint and 
altitude on the WPT/ALT line) 


e V/S — the required vertical speed (in fpm, based on present ground speed) 
to fly the displayed V/B. 
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Blank if no entry on the WPT/ALT line. 


@p SPEED 
Displayed on PATH DES pages. 
Push — selects the related SPD DES page. 


RTA 

Displayed when CAPTURE or ERASE prompt is not displayed. 
Push — selects the RTA PROGRESS page. 

RTA Descent Page 


RTA Descent pages are displayed when an RTA mode is active. Displays are the 
same as on other descent pages except as noted. 


ACT RTA SPD DES a 


. 704/ 260 
SPD REST 
240/ 10000 D145X/ 4000 


FPA V/B V/S 
3.8 6.2 2360 


<FORECAST 


Target Speed (TGT SPD) 
Displays computed RTA target speed. 
Changes to FMC target speed if the RTA mode is exited. 


@p TIME ERROR 
Displays computed time error at the RTA waypoint. 
Same as time error line on RTA PROGRESS page. 
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ep RTA 
Push — selects the RTA PROGRESS page. 
Descent Forecast Page 


The descent forecast page is used for pre—descent planning to enter forecast data 
for more precise descent path calculation. 


The primary entries are wind direction and speed for up to three descent altitudes, 
and the altitude that anti—icing is turned on and off. 


MOD DES FORECASTS 1/1 
TRANS LVL ON/ OFF 
FL180 

| CABIN RATE  1|SA DEV/ QNH 
480FPM --°C/ 


078° / 


130°/ 


Transition Level (TRANS LVL) 
Normally displays FL180 as the assumed descent transition level. 


Changes automatically if an arrival procedure having a different stored value is 
entered. 


Manual entry has priority. 


@® CABIN RATE 


Displays the predicted cabin rate of descent required by the flight plan descent 
profile. 
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<p Thermal Anti-Ice On/Off (TAI ON/OFF) 


Enter the altitudes in flight level or feet at which anti—ice is expected to be turned 
on and off. 


FMC computations assume minimum thrust at high idle at all times in flight. 


@@p ISA Deviation and QNH (DEV/QNH) 
Enter the average ISA deviation for descent in °C (+/—XX°C) or °F (+/-XX°F) 


Enter the destination QNH altimeter setting (IN. HG. or MB). Do not enter a QFE 
altimeter setting. 


@D Descent Wind (ALT ----- WIND - - - - DIR/SPD) 


Allows entry of altitude and wind direction/speed for up to three forecast wind 
values. 


Entries may be made in any altitude sequence and will be automatically ordered 
by altitude from highest to lowest. 


@® ERASE 


Push — deletes modification and returns page to previously displayed descent 
page. 
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Engine Out Descent 


There are no specific engine out pages for descent. Use the normal descent 
planning features and pages. 


Approach 


During approach, LNAV and VNAV guidance normally transitions to the 
approach guidance provided by navigation radios. The FMC continues to 
calculate and display present position and can provide LNAV and VNAV 
approach guidance for certain types of approaches when radio navigation is not 
used. 


The RTE LEGS and PROGRESS pages are used to manage the airplane until other 
approach guidance becomes active. Other pages which support approaches are: 

¢ APPROACH REF page — to select the approach VREF 

e ARRIVALS page - to select the desired arrival and approach procedures 

¢ HOLD page — to manage holding patterns. 
Holding is described in this section but it can be used during any phase of flight. 


Arrivals Page — IFR Approaches 


The arrivals page allows selection of an approach, standard terminal arrival route 
(STAR), and arrival transitions to the destination airport. This page can also be 
used to view information about a selected airport that is not the destination. 
Procedures for the origin and destination airport can be selected for entry into the 
flight plan. 


The approaches, STARS, profile descents, and transitions are displayed and 
selected on this page. 
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DEP/ ARR | NDEX 


K BF I — 


KMWH ARR> 


1 KMWH ARRI VALS 17x 
STARS APPROACHES 
@e——_ DOUG VORO4 


——|]|MOSES1 VOR14L 


Page Title 
The destination airport identifier is displayed in the title. 


Airports with more than 5 runways or STARs produce multiple arrivals pages. 


@® Standard Terminal Arrival Routes (STARS) 


Upon initial selection, an alphabetical listing of all STARS and profile descents is 
displayed. 

STARS are displayed first in a list under the STAR label. Profile descents are 
listed after the STARS under the PROF DES label. 


Selection of the desired STAR deletes all other STARs and non—applicable 
approaches/runways, and displays a listing of any arrival transitions applicable to 
that STAR. 


The selection of an approach or runway deletes all STARs not related to that 


approach/runway. 


@p INDEX 
Push — displays the DEP/ARR INDEX page. 


Copyright © The Boeing Company. See title page for details. 


11.43.10 D6-27370-400E-TBCE December 1, 2000 


Flight Management, Navigation - 


QSOEING FMC Descent and Approach 


737 Operations Manual 
@® Approaches and Runways (APPROACHES/RUNWAYS) 


Upon initial page display, an alphabetical listing of all approaches for the airport, 
followed by a numerical listing of all runways, is displayed. 


Selection of the desired approach or runway deletes all other approaches/runways. 


@p ROUTE 
Push — displays the RTE page. 
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Arrivals Page during approach selection 


Display after STAR selected 


Display after STAR Transition and Approach/Runway selected 


KMWH ARRI VALS ae 
STARS APPROACHES 
POTHS1 <SEL> <SEL>ILS32R 
TRANS 
ELN <SEL> 


Display after executing 


KMWH ARRI VALS ee 


STARS APPROACHES 
POTHS1 <ACT> <ACT>I LS32R}] |— 
TRANS TRANS 
ELN <ACT> <ACT>PLUSS|||—— 
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STARS 
Displays the selected STAR. 


@® Arrival Transitions (TRANS) 
Displays all arrival transitions related to the selected STAR. 


Ep Selected Status Label (<SEL>) 


Identifies arrival/approach procedures or a runway which has been selected for 
entry into the route, but not executed. 


All <SEL> entries propagate to the MOD RTE and MOD RTE LEGS pages for 
subsequent execution. 


@® Approaches and Runways (APPROACHES/RUNWAYS) 
Displays all approaches related to the selected STAR, followed by all related 


runways (unless the desired approach/runway was selected on the initial display). 


@&p Arrival Transition (TRANS) 


Displays the selected arrival transition. 


@@® APPROACHES 


Displays selected approach/runway. 


Approach Transition (TRANS) 


Displays all approach transitions related to the selected approach. 


Dp Active Status Labels (<ACT>) 


Following execution of the selected entries, the arrival/approach procedures and 
runway are identified as active. 


Note: For an existing active route, the execute key illuminates upon STAR or 
approach/runway selection. Following selections, the ERASE prompt is 
available. Selections should be executed on the RTE or RTE LEGS pages 
after linking any route discontinuities. 
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Arrivals Page — Runway Extension Fix 


Initial display 


KMWH ARRI VALS 


STARS 
POTHS1 

TRANS 
EAT 


1/ xX 
APPROACHES 
ILS32R 


VOR32R 


<SEL> 


RUNWAYS 


KMWH ARRI VALS 


STARS 
POTHS1 

TRANS 
EAT 


ELN 


RUN 
<SEL> <SEL> R 


STARS 
POTHS1 

TRANS 
EAT 


ELN 


KMWH ARRI VALS 


RUN 
<SEL> <SEL> R 


85 - 


RWYEXT 
16.0NM 


Display after execution 


KMWH ARRI VALS 


STARS 
POTHS1 

TRANS 
EAT 


ELN 


RUN 
<ACT> <ACT> R 
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Runway Extension (RWY EXT) 


Permits entry of runway extension waypoint following selection of desired 
runway. 


Desired extension distance is entered in scratch pad, then inserted on RWY EXT 
line. This creates a waypoint on the extended runway centerline at the specified 
distance from the threshold. Permissible entries are between | and 25 NM, in .1 
NM increments. 


Waypoint is identified on the RTE and RTE LEGS pages as RXYYY, where YYY 
is the runway designation. 


Approach Reference Page 


The approach reference page displays approach planning information and 
approach reference speed (VREF) selection. The displayed data is for the DEST 
airport and the arrival/approach entered into the FMC flight plan. 


INI T/ REF | NDEX 
<APPROACH 


In flight 


APPROACH REF 1/1 
GROSS WT FLAPS VREF 
49.3 15° 142KT 
GA N1 
92.0/ 92.0% 30° 134KT 


40° 131KT 

KMWH32R WI ND CORR 
13500FT4154m +05KT 
FRONT CRS 

324° 


[> u7 


Airplane Gross Weight (GROSS WT) 
Normally displays the FMC calculated airplane gross weight. 
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A manual entry of gross weight is allowed. 
Displays box prompts when gross weight is not available from the FMC. 
Valid entry is XXX.X. 


Leaving and returning to this page replaces a manually entered weight with FMC 
computed gross weight. 


@® Go-around N1 (GA N1) 


Displays the computed N1 go-—around limit, based on present pressure altitude, 
temperature, and bleed configuration. 


Dp Runway Length 
Displays the length of the referenced runway in feet and meters. 


Blank if no runway has been entered and executed. 


@@®p ILS Approach 


Displays the runway number and associated ILS frequency/identifier for the ILS, 
LOC, or back course approach in the active flight plan. 


Blank if no approach has been executed. 


@p INDEX 
Push — selects the INIT/REF INDEX page. 


@p Vref (FLAPS - -- VREF) 


Displays landing Vref for three flap settings as computed by the FMC. Displayed 
in small size characters. 


Double line selection of a displayed Vref, or manual entry of another value, causes 
Vref to be displayed on the airspeed display. CDU display changes to large size 
characters. 


Speeds are based on displayed gross weights. 


(U7) Double line selection provides Vref to be used by VNAV in combination with 
wind correction. 


Vref, once selected, will not be updated. To obtain an updated speed, the current 
speed must be deleted or a different Vref selected or entered. 


Front Course (FRONT CRS) 
Displays front course for the approach displayed on ILS approach line. 
Blank if no ILS approach is selected. 


Copyright © The Boeing Company. See title page for details. 


11.43.16 D6-27370-400E-TBCE December 1, 2000 


Flight Management, Navigation - 


QSOEING FMC Descent and Approach 


737 Operations Manual 
€D Wind Correction (WIND CORR) 


Displays current wind correction for approach. Default is +05 knots. 


Manual input of desired wind correction may be made up to +20 knots. 


Holding 
HOLD Page 


The hold page is used to enter a holding pattern into the route. 
When the flight plan does not have a holding pattern, push the HOLD function key 
to show the LEGS page with the HOLD AT line. 
Two versions of the hold page are possible: 
* an airway or procedure holding pattern (from the navigation database) 
¢ a flight crew—entered holding pattern. 
The holding page shows actual or default data about the holding pattern. 
Entries make route modifications, which can be erased or executed. 
Active holding patterns are magenta on the navigation display. 


Pushing the HOLD key when a holding pattern already exists in the route displays 
the hold page for the next hold. Holding parameters can be monitored and changed 
on this page. Performance predictions assume the hold will be in level flight. New 
holding patterns are added using the NEXT HOLD prompt. Exit from the holding 
pattern must be manually initiated. 
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Hold does not exist in route 
’ 


LEGS 


ACT RTE 


MOD RTE 


|NBD CRS 
088° 


ACT RTE HOLD 1/2 
TGT SPD 
220KT 
FIX ETA 
1424. 5z 


I|NBD CRS EFC TIME 


088° ere: 
LEG TIME AVAIL 


<NEXT HOLD 
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HOLD AT 


When the HOLD function key is pushed and no holding pattern exists in the route, 
the LEGS page shows prompts to enter the holding fix. Enter the holding fix to 
show the RTE HOLD page. 


Displays a prompt to enter the holding fix, a route waypoint, or present position. 


A waypoint is entered as the holding fix. 


@p HOLD AT Present Position (PPOS) 


Selects the airplane present position as the holding fix. 


BD Modified Route Hold Status 
MOD indicates that the holding fix has not been executed. 


Execution changes the page title to RTE HOLD (ACT RTE HOLD if holding at 
PPOS). 


ep Fix 
Displays waypoint identifier of the holding fix. 


Entry is propagated either automatically from the database, or from a manual entry 
on the HOLD AT page. 


If PPOS was selected on the HOLD AT page, then the FMC assigns PPOS as the 
fix identifier. 


@p Turn Direction (TURN DIR) 
Displays holding pattern turn direction. 


Entry is propagated either automatically from the database, or from a manual 
entry. 


Valid entry is L or R. Manual entry has priority. 
If no entry is made, the FMC assumes right (R) turns. 


Gp Inbound Course (INBD CRS) 
Displays holding pattern inbound course. 


Entry is propagated either automatically from the database, or from a manual 
entry. 


Valid entry is XXX. Manual entry has priority. 


If no entry is made, the FMC assumes the course to be the same as the preceding 
leg to the fix. 
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LEG TIME 
Displays holding pattern leg time. 
Valid entry is X.X. Manual entry has priority. 


If no entry is made, the FMC assumes the standard times of 1.0 minute at or below 
14,000 feet, and 1.5 minutes above 14,000 feet. 


If a LEG DIST is manually entered, then dashes will be displayed. 


€@p Leg Distance (LEG DIST) 
Dash prompts are normally displayed. 


Entry may be propagated either automatically from the database, or made by 
manual entry. 


Manual entry has priority. 
Overrides LEG TIME. 


ep ERASE 
Displayed only while modification is in progress. 


Push — deletes modification and returns to ACT RTE HOLD page, if one exists; 
otherwise returns to the ACT RTE LEGS page. 


@p Target Speed (TGT SPD) 

Used for entry and/or display of the holding pattern target airspeed. 
If no entry is made, the best speed value is displayed. 

Manual entry has priority. 


Target speed is propagated to the CLB, CRZ, or DES page three minutes prior to 
reaching the fix. 


Speed is highlighted in reverse video when the RTE HOLD is active. 


Fix Estimated Time of Arrival (FIX ETA) 


Displays computed time for next passage over holding fix. 


@® Expect Further Clearance Time (EFC TIME) 
Entry of the EFC time will help optimize FMC performance computations. 


Computation of destination fuel assumes that departure from the holding fix will 
occur at this time. 
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GED Hold Available (HOLD AVAIL) 


Displays available holding time in hours + minutes remaining if destination is to 
be reached with planned fuel reserves as entered on PERF INIT page. 


@ZD BEST SPEED 


Displays computed best holding speed based on present altitude and conditions. 


Note: May exceed maximum speed permitted by regulatory agency. 


Active Route Hold Status 
ACT indicates that the airplane has entered the holding pattern. 


Gp NEXT HOLD 


Displayed when the route contains less than five holding patterns and there is no 
route modification in progress. 


Push — displays (RTE LEGS) HOLD AT page and prompts for new holding fix 
entry. 


EXIT HOLD 

Displayed on the holding page when in the holding pattern. 

Used when preparing to depart holding pattern. 

Push — changes prompt to EXIT ARMED and illuminates execute key. 


The EXIT prompt is not available until the next crossing of the holding fix, if the 
holding pattern is modified while being flown. 


GD EXIT ARMED 


Displayed on the holding page when in the holding pattern and after line selection 
of EXIT HOLD prompt. 


Execution activates LNAV flight back to the holding fix via a shortened holding 
pattern, departure from holding pattern, and continued flight along the active 
route. ACT RTE LEGS page 1/XX appears after holding exited. 


Highlighted in reverse video after execution. 


RTE LEGS HOLD AT (Fix in Route) 

Used to enter proposed fix for racetrack holding pattern at either present position 
or any waypoint. 

A maximum of five holding patterns may exist at one time. 

With U7 FMC, two holding patterns may exist at the same waypoint if one is in 


the route and the other is in the missed approach. 
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Proposed holding fix in current route; no holding pattern 
currently exists in route 


ACT RTE LEGS 1/ XX 
087° M 
BANDR 310/ FL190 


089° 
BEEZR 320/FL190 
089° 


320/ FL190 
240/ 6279 
240/ 5352 


After executing route hold at downtrack waypoint 


' 


ACT RTE LEGS 1/ XX 
087° 11NM 
—|||]BANDR 310/ FL190 
089° 26NM 
—]]|BEEZR 320/FL190 
089° 19NM 
4 ELN 320/FL190 


HOLD AT 
ELN 225/ FL190 


069° 42NM 
D189X 240/ 6279 
- RNP/ ACTUAL EXTENDED 
12.0/0.21NM DAT A> 


Data Lines 
Display same data as the corresponding RTE LEGS page. 


@p HOLD AT 
Used to enter any waypoint identifier, which then defines a holding fix. 


Entry may be via keyboard, or by transfer of any downpath waypoint which is in 
the existing route (the example depicts ELN line selected into the scratch pad). 
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Following line selection of the desired waypoint into the box prompts, the MOD 
RTE HOLD page appears and the execute key illuminates. 


ep Present Position (PPOS) 


Push — selects holding fix at present position. The MOD RTE HOLD page appears 
and the execute key illuminates (“present” is at the time of execution of the MOD 
RTE HOLD page). 


Displayed only in flight. 


Default parameters are a standard holding pattern on the inbound leg. 


@® Hold at Waypoints (HOLD AT) 


A holding fix creates a new HOLD AT waypoint following the leg to that 
waypoint. 


Displayed on the RTE LEGS page in the proper route sequence after executing the 
related MOD RTE HOLD page. 
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RTE LEGS HOLD AT (Fix not in Route) 


Display after off-route waypoint selected 


1/ XX 
310/ FL190 
320/ FL190 
320/ FL190 
240/ 6279 
4NM 
240/ 5352 
- RNP/ ACTUAL EXTENDED 
12.0/0.21NM DAT A> 
1 HOLD AT PLUSS 


After line selecting the desired LEGS page 
sequence and executing the off route hold 


' 


ACT RTE LEGS 1/ XX 
067° 96NM 
2 PLUSS 310/ FL190 


HOLD AT 
PLUSS 220/FL190 
THEN 


-- ROUTE DISCONTINUITY 
BANDR 320/ FL190 
089° 26NM 

BEEZR 320/FL190 
- RNP/ ACTUAL EXTENDED 
12.0/0.21NM DAT A> 


Hold at Waypoint (HOLD AT XXXX) 


Displayed in the scratch pad whenever the entry in the HOLD AT line is not a 
waypoint in the existing route (the example above depicts entry of PLUSS). 


Route position of the holding fix is defined by line selecting to the desired LEGS 
page sequence. 


Following line selection to the desired LEGS page sequence, the MOD RTE 
HOLD page appears and the execute key illuminates. 
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@® Hold at Waypoints (HOLD AT) 


A holding fix creates a new HOLD AT waypoint following the leg to that 
waypoint. 


Displayed on the RTE LEGS page in the proper route sequence after executing the 
related MOD RTE HOLD page. 


Bp ROUTE DISCONTINUITY 
The entered route must always form a continuous path of linked legs. 


The example depicts a HOLD AT entry where the entry was not a downpath 
waypoint. 


The FMC computes a direct course to the off—route holding fix. 


The HOLD AT waypoint becomes a termination identifier which is not part of the 
existing route. The resulting route discontinuity is identified by box prompts, 
requiring entries to define the route after PLUSS. 
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Flight Management, Navigation Chapter 11 


Alternate Navigation System (ANS) Section 50 


Introduction 


This section provides a detailed description of the alternate navigation system 
(ANS). Information in this section is limited to that which is unique to the ANS; 
information which is common with the flight management computer system 
(FMCS) is not repeated. 


General 


The ANS is an IRS—based system which provides lateral navigation capability 
independent of the FMCS. The ANS with the control display units (ANCDU) can 
be operated in parallel with the FMCS, providing an independent crosscheck of 
FMC/CDU operation. In the event of FMC failure, the ANS provides a backup 
mode of operation which is immediately available for use. 


As does the FMCS, the ANS performs computations related to lateral navigation; 
it also provides LNAV commands which can be coupled to the AFDS for 
integrated operation with the flight management system. 


System Components 


The ANS consists of two separate systems; ANS-—Left and ANS-Right. Each 
system is independent of the other, consisting of its own ANCDU and “on-side” 
IRS. 


During FMC/CDU operation, all memory and computing capability are contained 
within the FMC. The same information is available for display on either CDU. 


During ANCDU operation, each CDU uses its own internal memory and 
computing capability. Since each ANCDU performs its own computations based 
on inputs from its own IRS, the information available for display on each CDU is 
independent of that displayed on the other CDU. 


Each pilot has a navigation mode selector, which is used to specify the source 
(FMC, ANS-L, or ANS-R) of the navigation information being provided to the 
related EFIS symbol generator and flight director. 


If the associated flight control computer (FCC A or FCC B) is the master, then the 
related navigation mode selector is also the master and determines the source of 
LNAV commands provided to the autopilot. 
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In contrast to the FMC, the ANCDU has neither a performance database nor a 
permanent nav database. Thus, there is no stored information from which the 
desired waypoints can be extracted by use of their identifiers. All waypoints in the 
ANCDU flight plan must be defined in terms of latitude and longitude. The 
ANCDU has a limited memory which can store up to 20 waypoints. The ANCDU 
flight plan is then assembled from this memory. Waypoints can be entered into the 
ANCDU flight plan either during preflight or while in flight. Navaids and airports 
can also be entered as “waypoints,” as well as certain procedural waypoints (only 
those defined by latitude and longitude). 


If the crew has not entered an ANCDU flight plan, the ANCDU memory 
automatically stores the active FMC flight plan. This makes a flight plan available 
for the ANCDU in the event of FMC failure. All waypoints in the ANCDU 
memory and flight plan are automatically erased at flight completion. 


Operation 


Overview 


When the FMC is operable, the CDUs are used in the normal manner during 
preflight to activate an FMC flight plan. With the FMC/CDU preflight complete, 
the IRS LEGS page may be used to crossload (copy) the FMC flight plan into the 
ANCDU. If executed, the ANCDU flight plan becomes identical to the FMC flight 
plan (except that the ANCDU bypasses any undefined procedural legs contained 
in the FMC flight plan). If desired, the flight plan may be modified prior to 
execution. Additionally, the entire ANCDU flight plan may be entered manually. 
When entering flight plans into both ANCDUs, note that each flight plan (whether 
identical or not), must be entered and executed individually. 


ANCDU operation requires valid inputs from the related IRS navigation mode for 
present position, ground speed, track, and wind. Based on the flight plan and IRS 
inputs, the ANCDU computes and displays courses to fly, leg lengths, estimated 
time en route, and crosstrack deviation. Associated roll commands are available 
to the AFDS. 


With the FMC operable, the ANCDU can be used to monitor FMCS operation. 
Note that a CDU can be switched between FMC/CDU and ANCDU page displays 
as desired, since source selection of control and guidance commands is 
determined separately by the navigation mode selector. 


Copyright © The Boeing Company. See title page for details. 


11.50.2 D6-27370-400E-TBCE June 08, 2001 


Flight Management, Navigation - 
QAOEING Alternate Navigation System 
737 Operations Manual (ANS) 


If the FMC flight plan was crossloaded into the ANCDU, only the first 20 
waypoints appear in the initial ANCDU flight plan. However, as the flight 
progresses, downpath FMC waypoints are automatically added to the ANCDU 
memory, becoming available for subsequent crossloading into the ANCDU flight 
plan. Anytime the FMC flight plan is modified, the ANCDU memory is 
automatically updated with applicable changes. 


If the FMC should fail, the IRS PROGRESS page is automatically displayed, and 
ANCDU LNAV operation is immediately available via the navigation mode 
selector. If an ANCDU flight plan had not been previously executed, the IRS 
LEGS page is automatically displayed. The most recent FMC flight plan is stored 
in the ANCDU memory and can be activated if desired, or a new flight plan may 
be manually entered. Additional crew entries may be required as the flight 
progresses, due to the ANCDU limit of 20 waypoints. 


Lateral Navigation 


All computations and commands from the ANCDU are based on a direct 
great—circle course between waypoints. Complete departure or arrival/approach 
procedures cannot be manually entered or crossloaded from the FMC. This is 
because the ANCDU does not accept “undefined” waypoints/legs, that is, no fixed 
heading or course legs, and no conditional waypoints. The ANCDU automatically 
constructs a great—circle course to bypass such legs. However, individual legs of 
a procedure, if they are great—circle courses, can be manually entered or 
crossloaded. 


Computed courses are referenced to magnetic north for the active leg. Downpath 
legs are displayed as true courses, because the IRS can provide magnetic variation 
only for present position. 


Vertical Navigation 


The ANCDU does not perform computations related to vertical navigation and 
does not provide VNAV or autothrottle commands. However, an operable FMC 
can provide thrust limits to the autothrottle during ANCDU LNAV operation. 
Autothrottle commands are provided by MCP speed and mode selection. 


Radio Tuning 

The ANCDU cannot tune the VHF navigation radios and does not use radio 
information for position updating. 

Electrical Power 


Both ANCDUs are powered via transfer bus No. |. Response to power loss is the 
same as for the FMC/CDU, except that the MOD IRS LEGS page is displayed in 
flight following a power interruption of ten seconds or more. 
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System Downmoding 


The ANS may fail due to either the loss of IRS navigation mode inputs or ANCDU 
malfunction. If an IRS fails, the IRS transfer switch cannot transfer navigation 
inputs from the other IRS. If continual self—tests detect a failure, the CDU display 
is blanked, and LNAV disengages 


CDU Messages 


There are only four messages associated specifically with ANS operation, all 
related to CDU entries. See section 11.60. 


Waypoints 


All waypoints in the ANCDU flight plan must be defined in terms of latitude and 
longitude. 


Waypoint Identifiers 


When an FMC flight plan is crossloaded, the ANCDU flight plan maintains the 
same waypoint identifiers used by the FMC. The associated latitude/longitude of 
those waypoints is also automatically crossloaded from the FMC. 


If manually entering waypoints on the IRS LEGS or IRS WPT DATA pages, the 
waypoint identifier is limited to a maximum of 6 alpha/numeric characters. 
Manually entered waypoints are keyed into the scratch pad as any of the 
following: 
¢ an identifier which already exists in the ANCDU flight plan (e.g., SEA, 
KBFI, ELNO1, or WPT03). 
¢ acrew-assigned identifier and associated latitude/longitude (e.g., 
SIMONE/N4802.2W 12241.3). 
¢ latitude/longitude (e.g., $3618.5E14136.9). Upon entry, the ANCDU 
assigns a sequential identifier number such as WPT04, etc. 


Preflight 


Introduction 


Preflight entry of an ANCDU flight plan is accomplished after entry of the 
FMC/CDU flight plan is complete. The following diagram depicts crossloading of 
the FMC flight plan into the ANCDU. 
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Preflight Page Sequence 


END OF FMC) CDU] = TAKEOFF REF IRS LEGS 
PREFLI GHT 
PRE- FLT COMPLET! 


BEG_N 


ANCDU 
PREFLI GHT 
END OF ANCDU 
PREFLI| GHT 
LJ] 
| NI T/ REF | NDEX 
IRS NAV: 
Page Displays 
Introduction 


This section provides detailed descriptions and examples of the three page 
displays which are unique to the ANCDU mode of operation. These page displays 
are only intended to provide a general description of overall system capability; 
they are not intended to reflect valid navigational data. 


IRS Progress 


The IRS PROGRESS page is an advisory page which displays current dynamic 
data concerning progress along the active ANCDU flight plan route. No entries 
are permitted. 


Page access is as shown. The page is also automatically displayed upon FMC 
failure when IRS inputs are valid and an active ANCDU flight plan exists. 
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INI T/ REF | NDEX 


|| | RS PROGRESS>|| 


| RS WPT DATA 
<LEGS- - - -| RS- - - PROGRESS> 


| RS LEGS 
<PROGRESS -I RS- - WPT DATA> 


| RS PROGRESS 
DTG ETE 
81NM 00:16 
XTK ERROR 
L 0.1NM 
WIND 
269° / 59KT 


Active (TO) Waypoint Line 
Displays: 
e identifier of the active waypoint (highlighted in reverse video) 


e distance to go (DTG) from present position to the active waypoint 
¢ estimated time en route (ETE) to the active waypoint. 


@® Track/Desired Track (TK/DSRTK) 
Displays present IRS magnetic track/desired magnetic track (i.e., the flight plan 
great—circle course). 
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Bp Groundspeed (GS) 
Displays current IRS ground speed in knots. 


@@p IRS Present Position 

Displays latitude and longitude of IRS present position. 

Data is from the “on-side” IRS (L or R). 

All displays on this ANCDU are based on inputs from this IRS. 


q@p IRS LEGS 
Allows selection of IRS LEGS page 1. 


@p Cross—Track Error (XTK ERROR) 
Displays present deviation (NM left or right) from the DSRTK flight plan course. 


WIND 


Displays present IRS true wind direction and speed in knots. 


€@p IRS Waypoint Data (WPT DATA) 
Allows line selection of IRS WPT DATA page 1. 


IRS Legs 


The IRS LEGS page displays details of the ANCDU flight plan (20 waypoints 
maximum). It has no required entries. 


The page allows review of the crossloaded FMC flight plan, or it may be used to 
enter or modify a unique ANCDU flight plan. 


The flight plan is cleared at flight completion. 


Page access is as shown. The page is also displayed automatically upon FMC 
failure when IRS inputs are valid and an active ANCDU flight plan does not exist. 
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INI T/ REF | NDEX 


|| IRS LEGS>|| 
| RS WPT DATA 
<LEGS- - - - | RS- - - PROGRESS> 
| RS PROGRESS 
<LEGS- - -- - | RS- - WPT DATA> 


( ACT | RS LEGS xx)] 
~he | 


81NM 00: 


<CROSSLOAD 


<PROGRESS- | RS- - WPT DATA> 


a) 


<LAST FMC PLAN 


<PROGRESS- | RS- - WPT DATA> 


Leg Direction 


Applies to the leg going to the waypoint identified on the line below. 
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Displays the IRS computed great—circle course. For the active waypoint, the 
displayed course is the present magnetic course to be flown. For all downpath 
waypoints, displayed course is the initial true course for that leg. 


@&®D Waypoint Identifier (lines 1L-4L) 
Used for entry and/or display of any valid waypoint identifier. 


Entry may be made via the keyboard or propagated from either the RTE LEGS 
page or IRS WPT DATA page. 


Entries are propagated to the IRS WPT DATA pages. 


The active waypoint identifier is highlighted in reverse video. It cannot be deleted, 
but it can be overwritten. 


Bp Crossload 
Used to crossload (copy) the FMC flight plan into the ANCDU. 


If there is no flight plan in the ANCDU, initial lines selection displays the FMC 
flight plan which is proposed to be stored in the ANCDU. 


If an ANCDU flight plan already exists, line selection changes the page title to 
MOD. 


Line selection “arms” the execution function, and the EXEC light illuminates. 
Subsequent execution activates the ANCDU flight plan (page title change to 
ACT). 


Upon FMC failure, the CROSSLOAD prompt is replaced by the LAST FMC 
PLAN prompt. 


@@® IRS Progress 
Allows selection of the IRS PROGRESS page. 


@&p Estimated Time En route 


Applies to the leg going to the waypoint identified on the line below. Displayed 
only when ground speed exceeds 210 knots. 


For the active waypoint, displays time—to—go to the active waypoint. 


For all downpath waypoints, displays estimated time en route for that leg. 


@®p Leg Length 
Applies to the leg going to the waypoint identified on the line below. 


For the active waypoint, displays computed distance—to—go from present position 
to the waypoint. 
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For all downpath waypoints, displays flight plan leg length. 


Blank if distance—to—go is greater than 9,999 NM. 
Displayed values are in tenths of miles if the leg length is less than 10 NM. 


IRS Waypoint Data 
Allows selection of the corresponding IRS WPT DATA page. 


@&@p Last FMC Plan 
Displayed upon FMC failure. 


Line selection displays the FMC flight plan which existed at the time of FMC 
failure. The EXEC key illuminates. 


Subsequent execution activates the ANCDU flight plan. 


IRS Waypoint Data 


The IRS WPT DATA page displays latitude and longitude for each waypoint in the 
ANCDU flight plan (20 waypoints maximum). It has no required entries. 


The page can be used to enter or modify the ANCDU flight plan. 
Page access is from IRS PROGRESS page or IRS LEGS page. 


IRS Waypoint Data Page 


ACT | RS WPT DATA 
ENO N39° 13. W7 5° 
GVE N38° ; W07 8° 
PSK N37° 
TALUM N42° 
<CROSSLOAD 


(Gaal ---1RS--- diced) [Jp—@ a2 


Waypoint Line (lines 1L-4L) 


Used for entry and/or display of any valid waypoint identifier and the associated 
latitude and longitude. 


Copyright © The Boeing Company. See title page for details. 


11.50.10 D6-27370-400E-TBCE June 08, 2001 


Flight Management, Navigation - 
QSOEING Alternate Navigation System 
737 Operations Manual (ANS) 


Entry may be via the keyboard or propagated from either the RTE LEGS page or 
the IRS LEGS page. 


Entries are propagated to the IRS LEGS pages. 


The active waypoint cannot be deleted, but it can be overwritten. 


@&® Crossload 
Functions the same as on IRS LEGS page. 


ep IRS Legs 
Allows selection of the IRS LEGS page. 


@@® IRS Progress 
Allows selection of the IRS PROGRESS page. 
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FMC/CDU Messages Section 60 


Introduction 


FMC messages tell the flight crew when system operation is degraded or if there 
are data input errors. 


FMC messages show in the CDU scratchpad. The messages are categorized as: 

¢ alerting messages 

° entry error messages 

* advisory messages. 

« ANCDU advisory messages 

The FMC messages are shown according to their level of importance. Alerting 
messages are most important, followed by entry error messages. Advisory 
messages are least important. If multiple messages exist, a less important message 
replaces another message in the scratchpad when the CLR key is pushed or the 
condition is corrected. 


The amber FMC alert light on each pilot’s instrument panel illuminates when there 
is an FMC alerting message. All FMC messages illuminate the CDU message 
(MSG) light. Clear the message or correct the condition to cancel the message. 


The following tables are general lists; some messages may not apply to all FMC 
configurations. 
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FMC Alerting Messages 


These messages relate to operationally significant conditions which affect FMC 
operation. 


FMC alerting messages: 


¢ are shown in the CDU scratchpad 


* cause the amber FMC alert light on each pilot’s instrument panel to 
illuminate 


¢ illuminate message lights (MSG) on both CDUs. 
Use the CLR key or correct the condition responsible for the message to remove 


the message. The message is temporarily removed from the scratchpad when 
manually entering data. The message returns when the data is removed from the 


scratchpad. 


ALERTING MESSAGE 


CAUSE 


CORRECTIVE ACTION 


CHECK FLIGHT PLAN 


The FMC has found and 
corrected an error in the 
nav database. 


Check the flight plan and 
correct if necessary. 


CHECK ALT TGT 


U10.5 and later: VNAV 
disengages while airplane 
is between MCP and FMC 
altitudes or VNAV button 
pressed while airplane is 
between MCP and FMC 
altitudes. 


Clear the message. 


CRZ ALT CHANGED TO 
XXXXXK 


U10.4 and later: During a 
missed approach a STAR or 
approach has been selected 
that conflicts with the 
cruise altitude. 


Clear the message. 


CYCLE IRS OFF—-NAV 


IRS is unable to complete 
alignment under current 
conditions. 


Cycle IRS mode selector to 
“OFF” and back to “NAV”. 


DATA BASE INVALID The automatic validity test | Advise maintenance 

of the permanent personnel to check the 

navigation database has FMC and reload the 

failed. database, as required. If 
desired, consider the use of 
the temporary nav 
database. 
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ALERTING MESSAGE CAUSE CORRECTIVE ACTION 

DISCO INSRTD AFTR A ROUTE Select the RTE or RTE 

XXXXX (waypoint DISCONTINUITY has LEGS pages and modify 

identifier) been inserted into the flight | the waypoints for a 
plan due to undefined continuous route. 
termination of a downpath 
leg or a double waypoint 
BYPASS. 

DISCONTINUITY Passing the last waypoint in | Select the RTE LEGS page. 
the route prior toa ROUTE | Enter the desired active 
DISCONTINUITY (LNAV | waypoint into the box 
disengages) or pressing prompts. Correct any 
LNAV while in a ROUTE 
discontinuity. DISCONTINUITY and 

EXECute. Reengage 
LNAV. 

DUAL FMC OP Dual FMC operation has Clear message and set FMC 

RESTORED been successfully restored. | source select switch to 
(Dual FMC Installed) NORMAL. 

END OF OFFSET Two minutes prior to Confirm ATC clearance. 
passing offset leg 
termination. 

END OF ROUTE LNAV engaged and passing | Select the RTE LEGS page. 
the last waypoint in the Enter the desired active 
route (LNAV disengages). | waypoint into the dash 

prompts and EXECute. 
Reengage LNAV. 

ENG OUT SID MOD U10.3 and later: An Clear the message. 
engine-out SID has been 
automatically inserted into 
the flight plan as a 
modification. 

ENTER IRS POSITION IRS in the alignment mode | Enter IRS present position 


into the scratch pad and line 
select 4R on the POS INIT 
page of the CDU. If present 
position was previously 
entered, overwrite 
displayed data. If 
necessary, enter present 
position directly into the 
IRS control /display unit. 


Copyrig! 
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FMC APP MODE U10.5 and later: An Select an alternate 
UNAVAIL-—GP approach that utilizes FMC | approach. Clear the 
generated glidepath is in message. 
the flight plan (active or 
inactive) but the final 
approach angle check has 
failed. 
FMC APP MODE U10.5 and later: An Select QNH as the landing 


UNAVAIL-—QFE 


approach that utilizes FMC 
generated glidepath is in 
the flight plan (active or 
inactive) but QFE is 


altimeter reference on the 
APPROACH REF page. 
Clear the message 


restarted the alignment due 
to detection of excessive 
motion. 


selected on the FMC. 

FMC APP/TUNE U10.5 and later: An Select G/S OFF on the 

DISAGREE approach that utilizes FMC | APPROACH REF page or 
generated glidepath is in set a G/S compatible 
the active flight plan but an | approach in the active flight 
approach navaid (ILS/GLS) | plan. Clear the message. 
has been tuned with G/S 
ON. 

INSUFFICIENT FUEL A change in conditions or | Modify the route plan or 
flight plan route causes cruising altitude, or divert 
predicted fuel at destination | for additional fuel. 
to be 900 kilograms/2000 | Use manual computations 
Ibs or less. of fuel quantity remaining 
May be the result of a fuel | to determine gross weight. 
quantity indicator 
inoperative. 

IRS MOTION IRS has automatically Clear message and attempt 


to reduce airplane 
movement, if practicable. 


IRS NAV ONLY 


The FMC has downmoded 
to the IRS—only mode of 
navigation or (U7.1 — 
U10.2A) navigation 
accuracy is not sufficient 
for present phase of flight. 


Refer to FMC Navigation 
Check supplementary 
procedure. 
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ALERTING MESSAGE CAUSE CORRECTIVE ACTION 
LNAV BANK ANGLE U10.2 and later: 5 minutes | Review the LNAV course 
LIMITED prior to an LNAV guided change. If course change 
course change that may exceeds airway/route 
exceed airway/route boundary, consider flight 
boundary due to LNAV plan change. 
performance limited bank 
angle. 
MAX ALT FLXXX Altitude intervention (as Reset MCP altitude. 
(flight level value) installed) attempt to raise 
cruise altitude when MCP 
altitude is above maximum 
altitude. 
MISSED CAPTURE Proper localizer capture Clear the message. 
maneuver was performed, 
but the AFDS did not 
capture. 
MODEL/ENG DATA A valid performance Contact maintenance 
INVALID database is not available. personnel. 
NAV DATA OUT OF Effectivity dates of nav Check the IDENT page and 
DATE database do not agree with | reverse the dates for 
date input from clock. ACTIVE NAV DATA if 
required. 
NAV INVALID-TUNE FMC is unable to auto-tune | Cross—check radios and 
XXXXX (navaid identifier) | or receive the navaid fora | manually tune the desired 
RNAV or VOR approach navaid. 
procedure. 
OFP MISCOMPARE Primary FMC has detected | Contact maintenance 
a discrepancy between its _| personnel. 
software and that of the 
secondary FMC. 


Copyright © The Boeing Company. See title page for details. 


December 06, 2002 


D6-27370-400E-TBCE 


11.60.5 


Flight Management, Navigation - 
FMC/CDU Megane: . QSOEING 
737 Operations Manual 
ALERTING MESSAGE CAUSE CORRECTIVE ACTION 

OVERSPEED U10.1 and earlier: During | Manually reduce speed and 

DISCONNECT path descent and below the | reengage VNAV. 
speed restriction altitude, 

VNAV disengages when 
airspeed exceeeds FMC 
speed restriction by more 
than 15 knots. 

U10.2 and later: During 
path descent and above or 
below the speed restriction 
altitude, VNAV disengages 
when airspeed exceeds 
FMC speed restriction by 
more the 15 knots. 

PARTIAL ROUTE U10.3 and later: A route is | Clear the message. 

LOADED loaded which references 
data not contained in the 
database. 

PATH DES NOT Within 5 NM of advisory EXECute a SPD DES if 

AVAILABLE top—of—descent, a path desired, or construct an 
descent is planned, and a adequate path (must 
computed path is not include an “at” altitude 
available. restriction for the E/D 

waypoint and not have a 
ROUTE 
DISCONTINUITY). 

PERF DEFAULTS Validity check of Contact maintenance 

INVALID performance defaults personnel. 
database has failed. 

PROGRAM PIN Primary FMC has detected | Contact maintenance 

MISCOMPARE a discrepancy between its personnel. 
program pin configuration 
and that of the secondary 
FMC. 

RESET MCP ALT Within 5 NM of the Select lower MCP altitude 
top—of—descent point values as clearances permit. 
without selecting a lower 
altitude on the AFDS MCP. 
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RESET MCP APP MODE | U10.5 and later: A change | Clear and rearm FCC 
in the expected approach is | approach mode. Clear the 
made with an FCC message. 
approach mode armed or 
engaged. 

RTA UNACHIEVABLE The RTA is not in the Enter an achievable RTA or 
computed RTA window discontinue the RTA mode 
under current parameters. of navigation. Adjust 

parameters to meet the 
RTA. 

RW/APP CRS ERROR U10.4 and later: During Clear the message and 
approach, MCP selected select correct MCP course. 
course does not match front 
course for the approach in 
the active flight plan. 

RW/APP TUNE U10.4 and later: During Clear the message and 

DISAGREE approach, manual tuned select correct approach 
approach frequency or frequency. 
channel does not match 
active flight plan. 

SCANNING DME FAIL Inputs from the frequency | Clear the message and 
scanning DME radio have | check position. Radio 
failed. updating of FMC position 

is not available. 

SELECT MODE AFTER _ | RTA mode has been Select desired navigation 

RTA discontinued due to mode. (ECON, manual 
sequencing of RTA speed, etc.) 
waypoint or RTA waypoint 
has been removed from the 
flight plan. 

SINGLE FMC The primary FMC has If FMC source selector 

OPERATION determined that the switch is in Normal 
secondary FMC is not Position, move to “BOTH 
available. (Dual FMC as ON L.” No action required 
installed) if FMC source selector 

switch is already on 
“BOTH ON L” or “BOTH 
ON R.” 

SINGLE IRS NAV Navigation environment is | NONE 
OCEANIC and one IRS is 
invalid. 
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SW OPTIONS INVALID 


The validity check of the 
software options database 
has failed. 


Contact maintenance 
personnel. 


TAKEOFF SPEEDS U10.1 and later: New Select new V speeds. 

DELETED performance data is entered 
after the V speeds have 
been entered on the 
TAKEOFF REF page, or a 
takeoff thrust selection 
change is entered after the 
V speeds have been 
entered. 
or 
U10.0: Runway is changed 
after the V speeds have 
been entered. 

THRUST REQUIRED U10.5 and later: Airplane is | Clear the message. Increase 
in an underspeed airspeed to within 15 knots 
condition.. of speed target. 

UNABLE HOLD U10.2 and later: LNAV Review the holding pattern. 

AIRSPACE guided holding pattern may | If holding pattern exceeds 
exceed allowable hold allowable holding airspace, 
airspace due to LNAV consider flight plan change. 
performance limited bank 
angle. 

UNABLE NEXT Prior to U5: Due to Clear the message and 

ALTITUDE undershoot, the next climb | review the prediction. For 
constraint cannot be undershoot condition 
achieved (VNAV engaged). | during climb, consider 
US and later: Unable to selection of MAX RATE 
meet the next flight plan Bor Mae ANGUS 
altitude constraint in a CLB yor different Nl 
VNAV SPD climb or limit as appropriate. 
descent. The message 
appears only with VNAV 
engaged. 
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UNABLE REQD NAV U7.1 — U10.2A: FMC Refer to FMC Navigation 

PERF — RNP actual navigation Check supplementary 
performance is not procedure. 
sufficient for the current 
special RNP (crew entered 
or leg specified). 

U10.3 and later: FMC 
actual navigation 
performance is not 
sufficient for the displayed 
RNP. 

VERIFY GW AND FUEL | Fuel data becomes invalid, | Enter fuel weight on PERF 
PERF INIT fuel value is INIT page 1/2. Periodic 
replaced with dashes. FMC | update of fuel weight is 
uses last valid fuel quantity | required to keep gross 
for performance predictions | weight value current. 
until manual entry is made. 

Shows if 30 minutes have 
elapsed since last manual 
entry. 

Does not show in descent 
with Vref selected. 

VERIFY OFFSET A flight plan change has Confirm ATC clearance 
resulted in a conflict in and make appropriate 
reference to an offset start | adjustments to RTE. 
or end waypoint. 

VERIFY POSITION Position information is Refer to FMC Navigation 
contradictory. Inhibited Check Supplementary 
during approach. Procedure. 
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ALERTING MESSAGE 


CAUSE 


CORRECTIVE ACTION 


VERIFY RNP 


U7.3, U7.4, U7.5, U8.3 — 
U10.2A: Underlying RNP 
value is less than manually 
entered value or a GPS 
approach has been selected 
and the default RNP is 
active (no crew entered or 
leg specified RNP active). 


U7.1, U7.2, U8.0, U8.1, or 
U10.3 and later: 
Underlying RNP value is 
less than manually entered 
value. 


Enter appropriate RNP. 


VERIFY TAKEOFF 
SPEEDS 


A PERF INIT change has 
been made after takeoff 
speeds were specified. 


Enter new takeoff speeds. 


VERIFY VERT RNP 


U10.5 and later: During an 
active descent with CDS 
LNAV/VNAV deviation 
scales enabled, a manually 
entered vertical RNP is 
greater than the default 
vertical RNP. 


Clear CDU message. Enter 
appropriate vertical RNP. 


VNAV DISCONNECT 


The criteria for VNAV 
engagement is not satisfied 
(VNAV disengages). 


U10.4 and later: On 
approach, with VNAV 
engaged, the FCC has 
switched to LVL CHG. 


Manually control the 
vertical path. 
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FMC Entry Error Messages 


These messages relate to incorrect scratch pad entries. FMC entry error messages: 


¢ are shown in the CDU scratchpad 
¢ illuminate the message light (MSG) of the CDU where the entry error was 


made 


* temporarily overwrite data in the scratchpad. 


Use the CLR key or key in new data to remove the message. If the CLR key is 
used to remove the message, the data previously entered is once again displayed. 
If new data is keyed in over the message, the message and the data previously 


entered are removed. 


ENTRY ERROR 
MESSAGE CAUSE CORRECTIVE ACTION 

ALT CONSTRAINT A flight plan modification | Clear the message and 

XXXXX (waypoint has caused an altitude revise the entry. 

identifier) conflict with a waypoint 
that has an altitude 
constraint. 

DATA BASE FULL Entry attempted into a Go to the NAV DATA 
supplemental or temporary | pages and delete unneeded 
navigation database waypoints, navaids, or 
category which is full. airports from the 

appropriate database and 
re-attempt entry. 

DUPLICATE FLIGHT U10.3 and later: The entry | Clear the message and 

PLAN ID attempted is a duplicate of | select a unique flight plan 
an existing supplemental name. 
flight plan name. 

INVALID DELETE DEL key operation was Clear the message and 
attempted for a data line to | select the proper line after 
which it was not applicable. | the DEL key is pressed. 

INVALID ENTRY Attempted data entry has Clear the message and 
incorrect format, range, etc. | scratch pad entry, and 
for the selected data line. repeat the entry with the 
Entered RTA waypoint is correct data. 
not in the flight plan. 

INVALID QUAD U10.2 and later: Attempted | Clear the message and 
HOLD page QUAD entry _| revise the QUAD entry. 
has incorrect format or 
range. 
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ENTRY ERROR 
MESSAGE CAUSE CORRECTIVE ACTION 

NO OFFSET AT LEG Attempted entry of a lateral | Clear the message and 

XXXXX (waypoint) offset start or end waypoint | amend the route. 
XXXXXX that is not 
offsetable (lateral offset as 
installed). 

NOT IN DATA BASE FMC does not contain the | Clear the message and 
required data for the check data entry, or enter 
entered identifier. the required information 

into the supplemental or 
temporary navigation 
database via the NAV 
DATA pages. 

NOT IN FLIGHT PLAN RTA waypoint or lateral Clear the message and 
offset (as installed) amend the entry. 
start/end waypoint entry is 
not in active flight plan. 

ROUTE FULL Entry of more than Clear the message and 
maximum allowed number | review existing and desired 
of waypoints or holding waypoints and holding 
patterns attempted. patterns for possible 

deletion. 

SUPP RTE DATA BASE U10.3 and later: Attempted | Clear the message, delete 

FULL save of the 11th unneeded supplemental 
supplemental flight plan. flight plans and re-attempt 

entry. 
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FMC Advisory Messages 


These messages relate to FMC status. FMC advisory messages: 


¢ are shown in the CDU scratchpad 
¢ illuminate message lights (MSG) on both CDUs. 
Use the CLR key or correct the condition responsible for the message to remove 


the message. The message is temporarily removed from the scratchpad when 
manually entering data. The message returns when the data is removed from the 


scratchpad. 
ADVISORY MESSAGE CAUSE CORRECTIVE ACTION 

ABOVE MAX CERT ALT | The airplane is above its Descend to an altitude 
maximum certified altitude. | below the maximum 

certified altitude. 

APPRCH VREF NOT Airplane has transitioned Select Vref on 

SELECTED into approach environment | APPROACH REF page. 
and Vref has not been 
selected on APPROACH 
REF page. 

ARR N/A FOR RUNWAY | Runway or approach does __| Go to the ARRIVALS page 
not match the selected and modify selection. 
arrival procedure. 

BUFFET ALERT Current conditions result in | Bring the airplane back 
a maneuver margin less within the operating 
than specified. envelope. 

CHECK FMC FUEL The FMC has detected an | Check the fuel system 

QUANTITY unexpected drop in the fuel | gauges for correctness. 
quantity. 

DES PATH When in path descent and | Modify the restrictions. 

UNACHIEVABLE above the path, the FMC 
predictions show the profile 
restrictions at the next 
waypoint cannot be 
achieved (LNAV remains 
engaged). 

DRAG REQUIRED Airspeed is 10 kts or more_ | Use speedbrakes, trim or 
above FMC target speed or | reduced thrust, as required, 
within 5 kts of to bring the airplane within 
Vmo/Vmmo. 5 kts of FMC target speed. 

INVALID OFFSET Desired offset does not Clear the message and 
meet FMC offset criteria. amend the entry. 
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ADVISORY MESSAGE CAUSE CORRECTIVE ACTION 
KEY/FUNCTION INOP A mode key is pressed for | Clear the message and 
which an FMC function has | select another CDU page 
not been implemented or for display. 


has not been enabled. 
(FANS MCDU only) 


LOC CAP ACTIVE 


The airplane is approaching 
its turn onto the localizer 
course and will maintain an 
intercept heading. 


Clear the message 
manually, or wait for the 
AFDS to signal reset status 
to the FMC. 


LOC CAP CANCELLED 


Flight plan modifications or 
the airplane condition did 
not facilitate localizer 
capture. 


Clear the message 
manually, or wait for the 
AFDS to reset to LOC CAP 
ACTIVE. 


MAX ALT FLXXxX (flight 
level value) 


Altitude entry on any page 
is above the maximum 
altitude for current selected 
performance margins. 


Clear the message or 
amend the data entry. 


MAX MACH .XXX/MIN 
MACH .XXX 


OR 


MAX CAS .XXX/MIN 
CAS .XXX 


FMC target speed is greater 
than the maximum or less 
than the minimum buffet 
speed for the entered cruise 
or step climb altitude. 


Change the target speed to 
within the message limits 
or enter a lower altitude. 


MCP APP DISARM U10.4 and U10.4A: A Clear the message. Change 
REQD change in the expected the active flight plan 
vertical approach control approach to one that 
from glideslope (G/S) to utilizes FMC generated 
FMC generated glidepath glidepath. Insure G/S is 
(G/P) is required. turned off. Re-arm 
U10.5 and later: A change approach mode if required. 
in the expected approach is 
made with an FCC 
approach mode armed or 
engaged. 
NO DES PATH AFTER FMC is unable to construct | Modify speed or altitude 
XXXXX (waypoint) a PATH DES that satisfies | restrictions on the RTE 
all altitude restrictions after | LEGS pages. 
XXXXX. 
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ADVISORY MESSAGE CAUSE CORRECTIVE ACTION 

NOT ON INTERCEPT Airplane is not within the Manually place the airplane 

HEADING LNAV capture criteria for | on an intercept heading and 
the active leg (LNAV reengage LNAV. 
disengages). 

OFFSET DELETED The entered start waypoint | Clear the message and 
has been deleted from the amend the route. 
flight plan. (As installed) 

OFST ENDS ABEAM An invalid offset leg exists | Clear the message and 

XXXXXKX between the end waypoint | amend the route. 
(XXXXXX) and the start of 
offset or no end waypoint 
exists. 

PERF DEFAULTS Performance database has__| Contact maintenance 

DELETED been automatically deleted | personnel. 
due to conflict with 
performance database 
limits. 

PROGRAM PIN ERROR _ | FMC connector wiring is System unusable; advise 
incorrect. maintenance personnel. 

The CLR key will not clear 
the message. 

PROGRAM PIN NOTIN | FMC connector wiring or | Contact maintenance 

DB performance database is personnel. 
incorrect. 

RESET MCP ALT FMC operation cannot take | Select a MCP altitude value 
airplane away from the in the proper direction 
AFDS MCP altitude. (higher for climb, lower for 

descent). 

RUNWAY N/A FOR SID _| The selected runway is not | Clear the message and 
applicable to the selected check selections on the 
departure procedure. DEPARTURES page. 

Modify as required. 

SELECT ACTIVE Power-up restart or EXECute a direct-to or leg 

WPT/LEG insertion of a different intercept to tell the FMC 
flight plan while airborne. | which leg of the route is 

active. 

STEEP DESCENT AFTER | An excessive vertical Check routing. 

XXXXXX discontinuity exists after 
point XXXXXX. 
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ADVISORY MESSAGE CAUSE CORRECTIVE ACTION 


TAI ON ABOVE 10°C 


Airplane is operating with 
anti-icing with TAT above 
+10°C. 


Clear the message and 
check the use of anti—icing 
for engines and/or wings. 


UNABLE CRZ ALT 


FMC predicts that the 
airplane cannot reach the 
new CRZ ALT due to 
performance limitations. 


FMC predicts that no cruise 
time is possible at the 
entered CRZ ALT. 


Clear the message and 
review the CRZ ALT 
selection. 


Clear the message and 
review the CRZ ALT 
selection. 


UNABLE MACH .XxX 


The entered cruise mach is 
unattainable based on 
present gross weight. 


Select a smaller mach 
number or wait until gross 
weight is reduced 


sufficiently. 

UNABLE TO OFFSET A valid offset cannot be Clear the message and 
constructed due to amend the route. 
geometric limitations. 

USING RSV FUEL Predicted fuel remaining at | Clear the message and 
DEST is less than the change routing if required. 
RESERVES entry on the Use manual computations 
PERF INIT page. of fuel quantity remaining 
May be the result of an to determine gross weight. 
inoperative fuel quantity 
indicator. 

VERIFY RNP VALUE U7.3 and later: When Change or delete the 
entering an RNP the manually entered RNP. 
underlying RNP value is 
smaller than the manually 
entered value or the ANP is 
greater than the manually 
entered RNP. 

VERIFY VERT RNP U10.5 and later: With CDS | Clear the message. Change 

VALUE LNAV/VNAV deviation or delete the manually 
scales enabled, a manually | entered RNP. 
entered vertical RNP is 
greater than the default 
vertical RNP or manually 
entered vertical RNP is less 
that vertical ANP. 
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ADVISORY MESSAGE CAUSE CORRECTIVE ACTION 
V SPEEDS FMC cannot compute V Correct inputs that affect V 
UNAVAILABLE speeds (as installed) due to | speed computation. 


to appear in the scratch pad. 


TAKEOFF REF pages. 

XXXX (airport identifier) | A REF AIRPORT is Enter the airport identifier 
entered on the POS INIT on the ORIGIN data line. 
page and no entry of 
ORIGIN yet appears on 
RTE page 1. 

XXXXX (MCP altitude With the CRZ page Enter the MCP altitude 

value) displayed, resetting the value on the appropriate 
AFDS MCP altitude to a target altitude data line. 
value different from the 
CRZ ALT causes the value 
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ANCDU Messages 


These messages relate to incorrect scratch pad entries or to flight plan status and 
are unique to ANCDU operation. 


ANCDU Entry Error Messages 


using a position different 
from existing waypoint 
position. 


ENTRY ERROR 
MESSAGE CAUSE CORRECTIVE ACTION 
INVALID ENTRY Invalid format or range for | Clear message and reenter 
selected data field. the data correctly. 
ROUTE FULL Attempted entry of more Clear message. Review 
than 20 waypoints. flight plan for possible 
deletions or wait until less 
than 20 waypoints remain 
in flight plan. 
WAYPOINT NOT Entered waypoint identifier | Reenter waypoint with a 
DEFINED does not have a known valid latitude and 
position. longitude. 
WPT PREVIOUSLY Attempted entry of an Delete previous waypoint 
DEFINED existing waypoint identifier | identifier and reenter or 


rename new waypoint 
identifier. 
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Controls and Indicators Section 10 


Fuel Control Panel 


UEL VALVE 
CLOSED 


FILTER FILTER 
BYPASS BYPASS 


=i EED 


al LOW LOW 
PRESSURE | PRESSURE 
FUEL PUNPS 
OFF 
+), ©* 
ON 


CTR 


LOW LOW LOW LOW 
PRESSURE | PRESSURE PRESSURE | PRESSURE 
AFT FWD AFT 


FWD 
Y), Oxies®, © 
1 2 


FORWARD OVERHEAD PANEL 


@p FUEL VALVE CLOSED Light 
Extinguished — related engine fuel shutoff valve is open. 


Illuminated (blue) — 


¢ bright — related fuel shutoff valve is in transit, or valve position and 
engine start lever or engine fire warning switch disagree. 


¢ dim — related fuel shutoff valve is closed. 


@p Fuel Temperature (FUEL TEMP) Indicator 


Indicates fuel temperature in No. | tank. 


Bp Crossfeed VALVE OPEN Light 


Extinguished — crossfeed valve is closed. 
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Iuminated (blue) — 


¢ bright — crossfeed valve is in transit, or valve position and CROSSFEED 
selector disagree. 


¢ dim —crossfeed valve is open. 


@@p FILTER BYPASS Light 
Extinguished — fuel filter operating normally. 


Illuminated (amber) — impending fuel filter bypass due to a contaminated filter. 


@p CROSSFEED Selector 
Controls fuel crossfeed valve. 
Closed — isolates engine No. | and No. 2 fuel feed lines. 


Open — connects engine No. | and No. 2 fuel feed lines. 


@p Center Tank Fuel Pump LOW PRESSURE Light 
Illuminated (amber) — fuel pump output pressure is low and FUEL PUMP switch 
is ON. 


Note: With both Center(CTR) tank FUEL PUMP switches ON, illumination of 
both LOW PRESSURE lights illuminates MASTER CAUTION and 
FUEL system annunciator lights. Illumination of one LOW PRESSURE 
light illuminates MASTER CAUTION and FUEL system annunciator 
lights on MASTER CAUTION light recall. 


Note: With one CTR tank FUEL PUMP switch OFF, illumination of opposite 
CTR tank LOW PRESSURE light illuminates the MASTER CAUTION 
and FUEL system annunciator lights. 


Extinguished — fuel pump output pressure is normal, or FUEL PUMP switch is 
OFF. 


FUEL PUMP Switch 
ON - activates fuel pump. 
OFF — deactivates fuel pump. 
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@ Main Tank Fuel Pump LOW PRESSURE Light 


Illuminated (amber) — fuel pump output pressure is low, or FUEL PUMP switch 
is OFF. 


Note: Two LOW PRESSURE lights illuminated in same tank illuminates 
MASTER CAUTION and FUEL system annunciator lights. One LOW 
PRESSURE light causes MASTER CAUTION and FUEL system 
annunciator lights to illuminate on MASTER CAUTION light recall. 


Extinguished — fuel pump output pressure is normal. 


Fuel Quantity Indications 


= Sal 
CLL , 


CENTER INSTRUMENT PANEL 


Fuel Quantity Indicator 
¢ indicates usable fuel in the related tank 
* accuracy is within 2 1/2% of full scale reading 
¢ standby AC power is required. 


@D Fuel Quantity Test (QTY TEST) Switch 


Indicator test is described in Supplementary Procedures. 


ep Error (ERR) Indicator 
¢ ERR appears with associated error codes whenever a malfunction occurs 
¢ used for maintenance purposes only. 
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Fueling / Defueling / Measurement 


(multiple wing locations) 


aa 


RIGHT WING LEADING EDGE 
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Fuel Measuring Stick 


Allows comparison of fuel quantity or weight as determined from measuring stick 
reading and fuel weight indicated by fuel quantity indicators. 
¢ five fuel measuring sticks are installed in each main tank 
¢ reading is obtained by withdrawing the flexible floatstick scale from the 
tank until the scale “sticks” or “hangs.” 


floatstick indication is read from the floatstick scale level with the lower 
wing skin and corrected for airplane attitude via conversion/correction 
tables 


@p Manual Defueling Valve 


Open — interconnects engine feed system and fueling station for: 
e defueling 
¢ ground transfer of fuel. 


Closed — isolates engine feed system from fueling station. 
ep TEST GAUGES & FUELING Panel 


@®p Fueling Receptacle 


Hose connection receptacle for single point underwing fueling. 


@&p Solenoid Override 


Mechanically opens solenoid operated valve. Fuel valve opens if fuel pressure is 
available. 


Gp Fueling Valves 


With battery switch ON, fuel pressure opens valve, if energized. 


Fueling Power Control Switch 
Door closed — proximity sensor deactivates power to fueling system. 


Door open — the fueling system is powered and panel lights illuminate. 
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Test Gauges & Fueling Panel 


TEST D> 
GAGES & es 2 
FUELI NG 


7 TANK No.2 CENTER TANK 
GAGES 


OPEN OPEN 
@ @ ; 
CLOSED CLOSED 


1 AUX FUELING 


anim * 
ESuu , 4 


RIGHT WING LEADING EDGE 


TEST GAUGES & FUELING Switch 
(spring—loaded to OFF position) 
TEST GAUGES - checks operation of fuel quantity indicators. 


AUX FUELING POWER CONTROL - energizes the fueling system if the 
fueling power control switch fails to activate the system when the door is open. 


@® Fueling VALVE POSITION LIGHTS 
Extinguished — 


e fueling valve switch is OPEN and related tank is full 
¢ fueling valve switch is CLOSED. 


Illuminated (blue) — fueling valve switch is OPEN and related tank is not full. 


ep Fueling Valve Switches 
OPEN - energizes fueling valve in related tank. 


CLOSED - de-energizes fueling valve in related tank. 


@@D FUEL Quantity Indicators 


Indicates total usable fuel tank quantity in related tank. 
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System Description Section 20 


Introduction 


The fuel system supplies fuel to the engines and the APU. Fuel is contained in 
three tanks located within the wings and wing center section. 


Refer to Engine and APU chapter for a description of the engine and APU fuel 
systems. 


Fuel Feed 


Both engines are normally pressure fed from the center tank until the center tank 
quantity decreases to near zero. The engines are normally then pressure fed from 
their respective main tanks. Check valves are located throughout the fuel system 
to ensure the proper direction of fuel flow and to prevent transfer of fuel between 
tanks. 


Fuel Pumps 


Each fuel tank uses two AC powered fuel pumps which are fuel cooled and 
lubricated. Center tank check valves open at a lower pressure than do the main 
tank check valves. This ensures that center tank fuel is used before main tank fuel, 
even though all fuel pumps are operating. Individual pressure sensors monitor the 
output pressure of each pump. 


Suction Feed 


When main tank fuel pump pressure is low, each engine can draw fuel from its 
corresponding main tank through a suction feed line that bypasses the pumps. As 
the airplane climbs, dissolved air is released from the fuel in the tank due to the 
decrease in air pressure. This air may collect in the suction feed line and restrict 
fuel flow. At high altitude, thrust deterioration or engine flameout may occur as a 
result of the fuel flow reduction. 


The dissolved air in the fuel tank will eventually deplete after reaching cruise 
altitude. The depletion time is dependent upon airplane altitude, fuel temperature, 
and type of fuel. Once the dissolved air is depleted, the engine may be capable of 
suction feed operation at cruise power. 


The main tank bypass valves may also be used for suction defueling. 


Fuel Crossfeed 


The engine fuel manifolds are interconnected by use of the crossfeed valve. The 
valve is DC motor operated from the battery bus. 
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Fuel pressure can be provided from a main tank with operating fuel pumps to both 
engines by opening the fuel crossfeed valve. Continued crossfeed use will result 
in a progressive fuel imbalance. 


Fuel Shutoff Valves 


Fuel shutoff valves are located at the engine—mounting wing stations. The valves 
are DC motor operated from the hot battery bus. They close whenever the 
respective engine fire warning switch is pulled or engine start lever is placed to 
CUTOFF. 


Center Tank Scavenge Jet Pump 


When both center tank fuel pump switches are turned OFF, the fuel scavenge 
shutoff valve opens. This allows fuel pressure from the main tank No. 1 forward 
pump to operate the center tank scavenge jet pump, which transfers the remaining 
center tank fuel to main tank No. 1. After 20 minutes, the fuel scavenge shutoff 
valve automatically closes. 


Fuel Vent System 


The purpose of the fuel vent system is to prevent damage to the wings due to 
excessive buildup of positive or negative pressures inside the fuel tanks and to 
provide ram air pressure within the tanks. The tanks are vented into surge tanks 
which vent through a single opening at each wing tip. 


Fuel Temperature 


The FUEL TEMP indicator located on the fuel control panel displays fuel 
temperature. A sensor in main tank No. | allows monitoring of fuel temperature. 
The temperature indicating system uses AC electrical power. 


APU Fuel Feed 


When AC fuel pumps are operating, fuel for the APU is supplied from the left side 
of the fuel manifold. If the AC fuel pumps are not operating, fuel is suction fed 
from main tank No. 1. 


Fueling/Defueling/Ground Transfer 


Rapid fueling and defueling is accomplished at the single-point pressure fueling 
station in the right wing. The fueling station is also used for the ground transfer of 
fuel between tanks. 
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Standard overwing fueling receptacles for main tanks No. 1 and No. 2 are 
provided for gravity fueling. In the absence of underwing pressure fueling 
facilities, center tank servicing can only be accomplished through the ground tank 
to tank fuel transferring operation. 


The manual defueling valve, located outboard of engine No. 2, interconnects the 
engine feed system and the fueling station. It is opened for defueling and tank to 
tank transfer operations. 


A shutoff system is used during fueling to automatically close the fueling valve in 
each fuel tank when the tank is full. 


Fuel Quantity Indication 


The fuel quantity indication system calculates the usable fuel quantity in each 
tank. The fuel quantity in each tank is displayed on the center instrument panel and 
on the fueling station panel. 


Fuel Tank Location and Capacities (Usable Fuel) 


Main tanks No. | and No. 2 are integral with the wing structure. The center tank 
lies between the wing roots within the fuselage area and extends out into the wing 
structure. 


These figures represent approximate amounts of usable fuel. The appropriate 
weight and balance control and loading manual gives exact figures for all 
conditions. 


TANK GALLONS POUNDS* 

NO. 1 1,499 10,043 

NO. 2 1,499 10,043 
CENTER 2,313 15,497 
TOTAL 5,311 35,583 


* Usable fuel at level attitude, fuel density = 6.7 pounds per US gallon 


TANK LITERS KILOGRAMS* 
NO. 1 5,674 4,555 
NO. 2 5,674 4,555 
CENTER 8,755 7,029 
TOTAL 20,103 16,139 


* Usable fuel at level attitude, fuel density = 0.8029 kilograms per liter 


June 07, 2002 


Copyright © The Boeing Company. See title page for details. 


D6-27370-400E-TBCE 


12.20.3 


Fuel - 
System Description 


QSOEING 


737 Operations Manual 


Fuel Schematic 
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Controls and Indicators Section 10 


Hydraulic Panel 


> OVERHEAT OVERHEAT 


ON LOW LOW LOW 
PRESSURE || PRESSURE PRESSURE || PRESSURE 
ENG 1 ELEC 2 ELEC 1 ENG 2 


©.© 


HYD PUNPS B 


FORWARD OVERHEAD PANEL 


@p Electric Hydraulic Pump OVERHEAT Lights 


Illuminated (amber) — associated electric motor—driven pump has overheated. 


@p® Hydraulic Pump LOW PRESSURE Lights 
Illuminated (amber) — output pressure of associated pump is low 
Note: When an engine fire warning switch is pulled, the associated engine-driven 


pump low pressure light is deactivated. 


@&p ELECTRIC HYDRAULIC PUMPS Switches 
ON - provides power to associated electric motor-driven pump. 


OFF - electrical power removed from pump. 


@® ENGINE HYDRAULIC PUMPS Switches 


ON — de-energizes blocking valve in pump to allow pump pressure to enter 
system. 


Note: Should remain ON at shutdown to prolong solenoid life. 


OFF -— energizes blocking valve to block pump output. 
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Hydraulic Indications 


1000 
“3 4 PSI ~™ 3 4 
a a, |) 
o 
PRESS 
95 ULL 
| IPT Ly ED 
LIL ILL 
QTY 
RF 88% 


CENTER INSTRUMENT PANEL 


HYDRAULIC System PRESSURE Indications 


Indicates system pressure: 
¢ Normal pressure (green) — 3000 psi 
¢ Maximum pressure (red) — 3500 psi. 


Note: When both pumps for a system are OFF, respective pointer reads zero. 


@p HYDRAULIC System QUANTITY Indications 
Indicates digital percentage (0% to 104%) of hydraulic quantity (green). 


Note: Refill condition of 88% is valid only when airplane is on the ground. 
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Flight Control Panel 
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FLIGHT CONTROL Switches 


Hydraulics - 
Controls and Indicators 


STBY RUD - activates standby pump and opens standby rudder shutoff valve to 


pressurize standby rudder power control unit. 


OFF - closes flight control shutoff valve isolating ailerons, elevators and rudder 


from associated hydraulic system pressure. 


ON (guarded position) — normal operating position. 
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@® Flight Control LOW PRESSURE Lights 


Tluminated (amber) — 


¢ indicates low hydraulic system (A or B) pressure to ailerons, elevator and 
rudder 


¢ deactivated when associated FLIGHT CONTROL switch is positioned to 
STBY RUD and standby rudder shutoff valve opens. 


* on airplanes with the rudder pressure reducer installed, the A system light 
indicates A system pressure is low when normal system pressure is 
commanded. 


Note: On airplanes with the rudder pressure reducer installed, the A system light 
will remain illuminated for approximately five seconds after A hydraulic 
system is activated. 


ep STANDBY HYDRAULIC LOW QUANTITY Light 


Illuminated (amber) — 
¢ indicates low quantity in standby hydraulic reservoir 
e always armed. 


Gp STANDBY HYDRAULIC LOW PRESSURE Light 


Illuminated (amber) — 
¢ indicates output pressure of standby pump is low 


¢ armed only when standby pump operation has been selected or automatic 
standby function is activated. 


@p ALTERNATE FLAPS Master Switch 


OFF (guarded position) — normal operating position. 


ARM - closes trailing edge flap bypass valve, activates standby pump, and arms 
ALTERNATE FLAPS position switch. 


Copyright © The Boeing Company. See title page for details. 


13.10.4 D6-27370-400E-TBCE December 1, 2000 


Qi SLING 


737 Operations Manual 


Hydraulics Chapter 13 


System Description Section 20 


Introduction 


The airplane has three hydraulic systems: A, B and standby. The standby system 
is used if system A and/or B pressure is lost. The hydraulic systems power the 
following airplane systems: 


¢ flight controls ¢ wheel brakes 

¢ leading edge flaps and slats ¢ nose wheel steering 
* trailing edge flaps ¢ thrust reversers 

¢ landing gear * autopilots 


Either A or B hydraulic system can power all flight controls with no decrease in 
airplane controllability. 


Each hydraulic system has a fluid reservoir located in the main wheel well area. 
System A and B reservoirs are pressurized by bleed air. The standby system 
reservoir is connected to the system B reservoir for pressurization and servicing. 
Pressurization of all reservoirs ensures positive fluid flow to all hydraulic pumps. 


Hydraulic Power Distribution Schematic 
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A and B Hydraulic Systems 


Components powered by hydraulic systems A and B are: 


System A System B 
¢ ailerons ¢ ailerons 
¢ rudder ¢ rudder 
¢ elevator and elevator feel ¢ elevator and elevator feel 
¢ flight spoilers (one on each ¢ flight spoilers (one on each 
wing) wing) 
¢ ground spoilers ¢ leading edge flaps and slats 
¢ alternate brakes ¢ normal brakes 
¢ No. | thrust reverser ¢ No. 2 thrust reverser 
¢ autopilot A ¢ autopilot B 
¢ normal nose wheel steering ¢ alternate nose wheel steering 
¢ landing gear ¢ landing gear transfer unit 
¢ power transfer unit (PTU) ¢ autoslats 


¢ yaw damper 
¢ trailing edge flaps 


A and B Hydraulic System Pumps 


Both A and B hydraulic systems have an engine—driven pump and an AC electric 
motor-driven pump. The system A engine—driven pump is powered by the No. | 
engine and the system B engine—driven pump is powered by the No. 2 engine. An 
engine—driven hydraulic pump supplies approximately four times the fluid 
volume of the related electric motor-driven hydraulic pump. 


The ENG 1 (system A) or ENG 2 (system B) pump ON/OFF switch controls the 
engine—driven pump output pressure. Positioning the switch to OFF isolates fluid 
flow from the system components. However, the engine—driven pump continues 
to rotate as long as the engine is operating. Pulling the engine fire warning switch 
shuts off the fluid flow to the engine—driven pump and deactivates the related 
LOW PRESSURE light. 


The ELEC 2 (system A) or ELEC | (system B) pump ON/OFF switch controls the 
related electric motor-driven pump. If an overheat is detected in either system, the 
related OVERHEAT light illuminates. 


Note: Loss of the system A, engine-driven hydraulic pump and a heavy demand 
on system A may result in an intermittent LOW PRESSURE light for the 
remaining electric hydraulic pump. The system A flight controls LOW 
PRESSURE light, Master Caution light, and the FLT CONT and HYD 
system annunciator lights also illuminate. 
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Hydraulic fluid used for cooling and lubrication of the pumps passes through a 
heat exchanger before returning to the reservoir. The heat exchanger for system A 
is located in main fuel tank No. 1 and for system B is in main fuel tank No. 2. 


CAUTION: Minimum fuel for ground operation of electric pumps is 760 
Kgs (1676 Lbs) in the related main tank. 


Pressure switches, located in the engine—driven and electric motor—driven pump 
output lines, send signals to illuminate the related LOW PRESSURE light if pump 
output pressure is low. A check valve, located in each output line, isolates the 
related pump from the system. The related system pressure transmitter sends the 
combined pressure of the engine—driven and electric motor-driven pumps to the 
related hydraulic system pressure indication. 


System A Hydraulic Leak 


If a leak develops in the engine—driven pump or its related lines, a standpipe in the 
reservoir prevents a total system fluid loss. With fluid level at the top of the 
standpipe, the reservoir quantity displayed indicates approximately 22% full. 
System A hydraulic pressure is maintained by the electric motor-driven pump. 


If a leak develops in the electric motor-driven pump or its related lines, or 
components common to both the engine and electric motor-driven pumps, the 
quantity in the reservoir steadily decreases to zero and all system pressure is lost. 


System B Hydraulic Leak 


The system B reservoir has two standpipes. One standpipe supplies fluid to the 
engine—driven pump and the other to the electric motor-driven pump. If a leak 
develops in the engine—driven pump or its associated lines, the system B quantity 
decreases until it indicates approximately 40% full. System pressure is maintained 
by the electric motor—driven pump. If a leak develops in the electric motor-driven 
pump or its associated lines, system B pressure is lost. However, fluid remaining 
in the system B reservoir is sufficient for power transfer unit operation. 


A leak in system B does not affect the operation of the standby hydraulic system. 


Power Transfer Unit 


The purpose of the PTU is to supply the additional volume of hydraulic fluid 
needed to operate the autoslats and leading edge flaps and slats at the normal rate 
when system B engine—driven hydraulic pump volume is lost. The PTU uses 
system A pressure to power a hydraulic motor-driven pump, which pressurizes 
system B hydraulic fluid. The PIU operates automatically when all of the 
following conditions exist: 

¢ airborne 

¢ system B engine—driven pump hydraulic pressure drops below limits 

¢ flaps are less than 15 but not up. 
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Landing Gear Transfer Unit 


The purpose of the landing gear transfer unit is to supply the pressurized hydraulic 
fluid needed to raise the landing gear at the normal rate when system A is lost due 
to No. | engine RPM loss. The system B engine—driven pump supplies the 
pressurized hydraulic fluid needed to operate the landing gear transfer unit when 
all of the following conditions exist: 

¢ airborne 

¢ No. 1 engine RPM drops below a limit value 

e LANDING GEAR lever is positioned UP 

¢ either main landing gear is not up and locked. 


Standby Hydraulic System 


The standby hydraulic system is provided as a backup if system A and/or B 
pressure is lost. The standby system can be activated manually or automatically. 
It uses a single electric motor-driven pump to power: 

¢ thrust reversers 

e rudder 

e leading edge flaps and slats (extend only). 


Manual Operation 


Positioning either FLT CONTROL switch to STBY RUD: 
* activates the standby electric motor-driven pump 


e shuts off the related hydraulic system pressure to ailerons, elevators and 
rudder by closing the flight control shutoff valve 


¢ opens the standby rudder shutoff valve 
¢ deactivates the related flight control LOW PRESSURE light when the 
standby rudder shutoff valve opens 

¢ allows the standby system to power the rudder and thrust reversers. 
Positioning the ALTERNATE FLAPS master switch to ARM, (see the Flight 
Controls chapter for a more complete explanation): 

¢ activates the standby electric motor-driven pump 

¢ closes the trailing edge flap bypass valve 

¢ arms the ALTERNATE FLAPS position switch 


¢ allows the standby system to power the leading edge flaps and slats and 
thrust reversers. 
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Automatic Operation 


Automatic operation is initiated when all of the following conditions exist: 
¢ loss of system A or B, or rudder pressure reducer system fails in low 
pressure mode 
¢ flaps extended 
¢ airborne, or wheel speed greater than 60 kts. 
Automatic operation will: 
* activate the standby electric motor—driven pump 
¢ open the standby rudder shutoff valve 
e allow the standby system to power the rudder and thrust reversers. 
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Standby Hydraulic System Leak 


If a leak occurs in the standby system, the standby reservoir quantity decreases to 
zero. The LOW QUANTITY light illuminates when the standby reservoir is 
approximately half empty. System B continues to operate normally, however, the 
system B reservoir fluid level indication decreases and stabilizes at approximately 
64% full. 
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Variations in Hydraulic Quantity Indications 
During normal operations, variations in hydraulic quantity indications occur 
when: 

e the system becomes pressurized after engine start 

¢ raising or lowering the landing gear or leading edge devices 

¢ cold soaking occurs during long periods of cruise. 
These variations have little effect on systems operation. 
If the hydraulic system is not properly pressurized, foaming can occur at higher 
altitudes. Foaming can be recognized by pressure fluctuations and the blinking of 


the related LOW PRESSURE lights. The MASTER CAUTION and HYD 
annunciator lights may also illuminate momentarily. 
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Landing Gear Panel 
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@p Landing Gear Indicator Lights (top) 
Illuminated (red) — 


¢ landing gear is not down and locked (with either or both forward thrust 
levers retarded to idle) 


¢ related landing gear is in disagreement with LANDING GEAR lever 
position (in transit or unsafe) 


Extinguished — landing gear is up and locked with landing gear lever UP or OFF. 


@® Landing Gear Indicator Lights (bottom) 


Illuminated (green) — related gear down and locked. 
Note: Landing gear warning horn is deactivated with all gear down and locked. 


Extinguished — landing gear is not down and locked. 
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Dp LANDING GEAR Lever 
UP -— landing gear retract 
OFF — hydraulic pressure is removed from landing gear system 


DN - landing gear extend. 


@®D Override Trigger 
Allows LANDING GEAR lever to be raised, bypassing lever lock. 


q@p LANDING GEAR LIMIT Speed Placard 


Indicates maximum speed while operating landing gear and after gear extension. 


Manual Gear Extension 


FLIGHT DECK FLOOR 


Manual Extension Access Door 


@p— Manual Gear Extension Handles 


Right main, nose, left main— With LANDING GEAR lever in the OFF position, 
each landing gear uplock is released when related handle is pulled to its limit, 
approximately 24 inches (61 cm) for the main gear, approximately 8 inches (20 
cm) for the nose gear. 
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Main Gear Viewer 


RED 
STRI PE STRUT 


PASSENGER CABIN FLOOR and MAIN LANDING GEAR 


Viewer Access 


Opposite the 3rd window behind the aft overwing exit and one foot left of center. 
Pull up the carpet identified by a metal button to sight through viewer. Before 
leaving the cockpit, position the WHEEL WELL light switch ON. 


Note: In some installations the viewer may be under an aisle seat. 


@p Paint Stripes (red) 


Indication that the landing gear is down and locked is provided by observing the 
alignment of red paint stripes, located on the down lock and the side struts. 
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Nose Gear Viewer 


FLIGHT DECK FLOOR 


Viewer Access — 


Cover plate for the nose landing gear viewer is located on the floor just inside the 
cockpit door. The WHEEL WELL light switch must be ON. 


q@p Arrow head (red) - 


Indication that the nose gear is down and locked is provided by observing the two 
red arrow heads on the down lock strut are in contact. 
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Autobrake and Antiskid Controls 


ANTI SKI D 


ANTI SKI D 
1 | NOP 


CENTER INSTRUMENT PANEL 


Antiskid Inoperative (ANTISKID INOP) Light 


Illuminated (amber) — a system fault is detected by antiskid monitoring system, or 
switch is off 


Extinguished — antiskid system operating normally. 


@p ANTISKID Control Switch 
ON - guarded position 


OFF — turns off antiskid system, illuminates ANTISKID INOP light and 
illuminates AUTO BRAKE DISARM light if the system is armed. 


@® AUTO BRAKE DISARM Light 


Illuminated (amber) — 


SPEED BRAKE lever moved to DOWN detent during RTO or landing 
manual brakes applied during RTO or landing 
thrust lever(s) advanced during RTO or landing 
¢ except during first 3 seconds after touchdown for landing 
landing made with RTO selected 
RTO mode selected on ground 


¢ illuminates for one to two seconds then extinguishes 
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e a malfunction exists in automatic braking system 
¢ the pilot has turned off the antiskid 
Extinguished — 
e AUTO BRAKE select switch set to OFF 
e autobrakes armed. 


@@p AUTO BRAKE Select Switch 
OFF — autobrake system deactivated 
1, 2, 3, or MAX — 
e selects desired deceleration rate for landing 
* switch must be pulled out to select MAX deceleration 


RTO — automatically applies maximum brake pressure when thrust levers are 
retarded to idle at or above 90 knots. 


Parking Brake 


CONTROL STAND 


PARKING BRAKE Lever 

Forward — parking brake is released 

Aft — sets parking brakes when either Captain’s or First Officer’s brake pedals are 
fully depressed. 

@® Parking Brake Warning Light 

Note: Additional light located on the external power receptacle. 


Illuminated (red) — parking brake is set (lights operate from battery power) 


Extinguished — parking brake is released. 
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Hydraulic Brake Pressure Indicator 


FIRST OFFICER’S INSTRUMENT PANEL 


Hydraulic (HYD) BRAKE Pressure (PRESS) Indicator 


Indicates brake accumulator pressure: 
* normal pressure — 3000 psi 
* maximum pressure — 3500 psi 
* normal precharge — 1000 psi. 


Rudder/Brake Pedals 


CREW STATION 


Rudder/Brake Pedals 
Push full pedal — turns nose wheel up to 7 degrees in either direction 
Push top of pedal only — activates wheel brakes 


Refer to Chapter 9 Flight Controls for rudder description. 
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@— RUDDER PEDAL ADJUSTMENT Crank 
AFT (counter—clockwise) — adjusts rudder pedals aft 
FWD (clockwise) — adjusts rudder pedals forward. 


Nose Wheel Steering Switch 


NOSE WHEEL STEERI NG 


CAPTAIN’S INSTRUMENT PANEL 


NOSE WHEEL STEERING Switch 
ALT — hydraulic system B provides power for nose wheel steering 


NORM - hydraulic system A provides power for nose wheel steering. 


Nose Wheel Steering Wheel 


CAPTAIN’S SIDE PANEL 


Nose Wheel Steering Wheel 
Rotate — 


* turns nose wheel up to 78 degrees in either direction 
¢ overrides rudder pedal steering. 


@D Nose Wheel Steering Indicator 

LEFT -— indicates nose wheel steering displacement left of center position 
CENTER -— normal straight ahead position 

RIGHT - indicates nose wheel steering displacement right of center position. 
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Landing Gear Chapter 14 


System Description Section 20 


Introduction 


The airplane has two main landing gear and a single nose gear. Each main gear is 
a conventional two—wheel landing gear. The nose gear is a conventional steerable 
two-wheel unit. 


Hydraulic power for retraction, extension, and nose wheel steering is normally 
supplied by hydraulic system A. A manual landing gear extension system and an 
alternate source of hydraulic power for nose wheel steering are also provided. 


The normal brake system is powered by hydraulic system B. The alternate brake 
system is powered by hydraulic system A. Antiskid protection is provided on both 
brake systems, but the autobrake system is available only with the normal brake 
system. 


Landing Gear Operation 


The landing gear are normally controlled by the LANDING GEAR lever. On the 
ground, a landing gear lever lock prevents the LANDING GEAR lever from 
moving to the up position. An override trigger in the lever may be used to bypass 
the landing gear lever lock. In flight, the air/ground system energizes a solenoid 
which opens the lever lock. 


Landing Gear Retraction 


When the LANDING GEAR lever is moved to UP, the landing gear begins to 
retract. During retraction, the brakes automatically stop rotation of the main gear 
wheels. After retraction, the main gear are held in place by mechanical uplocks. 
Rubber seals and oversized hubcaps complete the fairing of the outboard wheels. 


Note: Manual brake application during flight may cause brake pedal vibration 
until pedal force is released. 


The nose wheels retract forward into the wheel well and nose wheel rotation is 
stopped by snubbers. The nose gear is held in place by an overcenter lock and 
enclosed by doors which are mechanically linked to the nose gear 
Hydraulic system B pressure is available for raising the landing gear through the 
landing gear transfer valve. Hydraulic system B supplies the volume of hydraulic 
fluid required to raise the landing gear at the normal rate when all of the following 
conditions exist: 

¢ airborne 

¢ No. | engine RPM drops below a limit value 
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e LANDING GEAR lever is positioned UP 
¢ either main landing gear is not up and locked. 
Hydraulic pressure is removed from the landing gear system with the LANDING 
GEAR lever in the OFF position. 
Landing Gear Extension 


When the LANDING GEAR lever is moved to DN, hydraulic system A pressure 
is used to release the uplocks. The landing gear extends by hydraulic pressure, 
gravity and air loads. Overcenter mechanical and hydraulic locks hold the gear at 
full extension. The nose wheel doors stay open when the gear is down. 


Landing Gear Manual Extension 


If hydraulic system A pressure is lost, the manual extension system provides 
another means of landing gear extension. Manual gear releases on the flight deck 
are used to release uplocks that allow the gear to free—fall to the down and locked 
position. The forces that pull the gear down are gravity and air loads. 
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Nose Wheel Steering 


MECHANI CALLY 
CONNECTED TO 
STEER! NG VALVE 
\ 
\ 


\ 


\ \ 1 
Ny = 
\ Amr 
STEERING ee id 
DEPRESSUAI ZATI CN ~ 
VALVE Ale 


NOSE WHEEL STEERING 


The airplane is equipped with nose wheel steering which is powered by hydraulic 
system A when the NOSE WHEEL STEERING switch is in the NORM position 
and when the airplane is on the ground. Nose wheel steering is powered by 
hydraulic system B when the NOSE WHEEL STEERING switch is placed to 
ALT. In the event of a hydraulic leak downstream of the Landing Gear Transfer 
Unit, resulting in a loss of hydraulic system B fluid in the reservoir, a sensor closes 
the Landing Gear Transfer Valve and alternate steering will be lost. 


Primary steering is controlled through the nose wheel steering wheel. Limited 
steering control is available through the rudder pedals. A pointer on the nose 
steering wheel assembly shows nose wheel steering position relative to the neutral 
setting. Rudder pedal steering is deactivated as the nose gear strut extends. 
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A lockout pin may be installed in the towing lever to depressurize nose wheel 
steering. This allows airplane pushback or towing without depressurizing the 
hydraulic systems. 


Brake System 


Each main gear wheel has a multi—disc hydraulic powered brake. The brake pedals 
provide independent control of the left and right brakes. The nose wheels have no 
brakes. The brake system includes: 


¢ normal brake system ¢ antiskid protection 
¢ alternate brake system ¢ autobrake system 
¢ brake accumulator ¢ parking brake 


Normal Brake System 


The normal brake system is powered by hydraulic system B. 


Alternate Brake System 


The alternate brake system is powered by hydraulic system A. If hydraulic system 
B is low or fails, hydraulic system A automatically supplies pressure to the 
alternate brake system. 


Brake Accumulator 


The brake accumulator is pressurized by hydraulic system B. If both normal and 
alternate brake system pressure is lost, trapped hydraulic pressure in the brake 
accumulator can still provide several braking applications or parking brake 
application. 


Antiskid Protection 


Antiskid protection is provided in the normal and alternate brake systems. The 
ANTISKID control switch controls power to the antiskid controller. 


The normal brake hydraulic system provides each main gear wheel with 
individual antiskid protection. When the system detects a skid, the associated 
antiskid valve reduces brake pressure until skidding stops. The alternate brake 
hydraulic system works similar to the normal system. However, antiskid 
protection is applied to main gear wheel pairs instead of individual wheels. 


The normal and alternate brake systems provide skid and hydroplane protection. 
Locked wheel and touchdown protection is available only with the normal braking 
system. 


Antiskid protection is available even with loss of both hydraulic systems. 
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Autobrake System 


The autobrake system uses hydraulic system B pressure to provide maximum 
deceleration for rejected takeoff and automatic braking at preselected deceleration 
rates immediately after touchdown. The system operates only when the normal 
brake system is functioning. Antiskid system protection is provided during 
autobrake operation. 


Rejected Takeoff (RTO) 


The RTO mode can be selected only when on the ground. Upon selection, the 
AUTO BRAKE DISARM light illuminates for one to two seconds and then 
extinguishes, indicating that an automatic self—test has been successfully 
accomplished. 
To arm the RTO mode prior to takeoff the following conditions must exist: 

¢ airplane on the ground 

¢ antiskid and autobrake systems operational 

¢ AUTO BRAKE select switch positioned to RTO 

¢ wheel speed less than 60 knots 

¢ forward thrust levers positioned to IDLE. 
The RTO mode is activated when wheel speed reaches 60 knots. If the takeoff is 
rejected while wheel speed is between 60 and 90 knots, the AUTO BRAKE 
DISARM light illuminates, autobraking is not initiated. If the takeoff is rejected 
after reaching a wheel speed of 90 knots, maximum braking is applied 
automatically when the forward thrust levers are retarded to IDLE. Braking force 
is the equivalent of full manual braking. 
The RTO mode is automatically disarmed when the right main gear strut extends. 
The AUTO BRAKE DISARM light does not illuminate. The selector switch must 
be manually positioned to OFF. If a landing is made with RTO selected, no 
automatic braking action occurs and the AUTO BRAKE DISARM light 
illuminates two minutes after touchdown. To reset, position the selector to OFF. 


Landing 


When a landing autobrake selection is made, the system performs a turn—on— 
self-test. If the turn—on—self—test is not successful, the AUTO BRAKE DISARM 
light illuminates and the autobrake system does not arm. 


Four levels of deceleration can be selected for landing. However, on dry runways, 
the maximum autobrake deceleration rate in the landing mode is less than that 
produced by full pedal braking. 
After landing, autobrake application begins when: 

¢ both forward thrust levers are retarded to IDLE, and 

e the main wheels spin—up. 
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To maintain the selected landing deceleration rate, autobrake pressure is reduced 
as other controls, such as thrust reversers and spoilers, contribute to total 
deceleration. The autobrake system brings the airplane to a complete stop unless 
the braking is terminated by the pilot. 


Autobrake — Disarm 


The pilots may disarm the autobrake system by moving the selector switch to the 
OFF position. This action does not cause the AUTO BRAKE DISARM light to 
illuminate. After braking has started, any of the following pilot actions disarm the 
system immediately and illuminate the AUTO BRAKE DISARM light: 

* moving the SPEED BRAKE lever to the down detent 

e advancing the forward thrust lever(s) after touchdown, or 

¢ applying manual brakes. 


Parking Brake 


The parking brake can be set with either A or B hydraulic systems pressurized. If 
A and B hydraulic systems are not pressurized, parking brake pressure is 
maintained by the brake accumulator. Accumulator pressure is shown on the 
HYDRAULIC BRAKE PRESSURE indicator. 


The parking brake is set by depressing both brake pedals fully, while 
simultaneously pulling the PARKING BRAKE lever up. This mechanically 
latches the pedals in the depressed position and commands the parking brake valve 
to close. 


The parking brake is released by depressing the pedals until the PARKING 
BRAKE lever releases. A fault in the parking brake system may cause the 
ANTISKID INOP light to illuminate. 


The takeoff configuration warning horn sounds if either forward thrust lever is 
advanced for takeoff with the parking brake set. 


Air/Ground System 


Inflight and ground operation of various airplane systems are controlled by the 
air/ground system. 


The system receives air/ground logic signals from sensors located on the right 
main gear and the nose gear. These signals are used to configure the airplane 
systems to the appropriate air or ground status. 
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System Description 


SYSTEMS NORMAL INFLIGHT NORMAL ON GROUND | REFER 
OPERATION OPERATION TO CH 
Drain Mast 115 volt AC operation. 28 volt AC operation. 1 
Heaters 
Pack Valves With one pack operating With one pack operating, 2 
regulates to high flow with | regulates to high flow only 
flaps up. when pack is operating from 
the APU and both engine 
bleed switches are OFF. 
Pressurization | Allows programmed Allows pressurization as 2 
pressurization in the determined by the 
standby and automatic FLT/GROUND switch. 
modes. 
Ram Air Turbofan(s) operate only Turbofans operate whenever | 2 
when air conditioning air conditioning packs 
packs operate and flaps are | operate. Deflectors are 
not up. extended. 
Wing Anti-ice | Control valves open when | With switch ON, valves 3 
switch is ON. Thrust cycle open and closed. 
setting and duct Switch trips to OFF at 
temperature logic is lift-off. 
bypassed. 
Autothrottle Enables go—around below | Disengaged 2 seconds after | 4 
2000 ft radio altitude. landing. Takeoff mode 
enabled. 
TO/GA switch | Flight director engages Flight director engages 4 
go-around mode. takeoff mode. 
ACARS Sends out signal on strut Sends out signal on strut 5 
extension for takeoff compression for landing 
signal. signal. 
Voice Recorder | Prevents tape erasure. Allows tape erasure when 5 
parking brake is set. 
Standby Power | Standby busses BAT position must be 6 
automatically transferred selected for transfer of 
to battery and inverter standby busses 
power when standby power 
switch is in AUTO 
APU Control APU operation possible APU shutdown if battery 7 
with battery switch OFF. switch is positioned OFF. 
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SYSTEMS NORMAL INFLIGHT NORMAL ON GROUND | REFER 
OPERATION OPERATION TO CH 
APU Generator | May be connected to only | May be connected to two i 
one generator. generator buses. 
Engine Idle Idle control and indication | Maintains high idle until 4 vi 
Control system is armed. seconds after landing. 
Thrust Thrust reverse disabled by | Thrust reverse enabled. A 
Reverser gear sensors and radio 
altimeter. 
APU Fire Horn | Wheel well horn disabled. | Wheel well horn enabled. 8 
Speed Brake Can be armed to raise Activates SPEED BRAKE 9 
Lever Actuator | ground spoilers for lever on landing if armed. 
landing. Rejected take-off feature 
available. Drives to DOWN 
when thrust lever advanced. 
Auto Slat System enabled with flaps | System disabled. 9 
1, 2, or 5 selected. PTU 
available if system B 
pressure is lost. 
Flight Recorder | Operates when transfer bus | Operates when transfer bus 10 
No. | is powered No. 1 is powered and either 
engine is operating. 
FMC Position updated from Does not update. 11 
DME or VOR/DME. 
Standby Pump automatic operation | Wheel speed must be greater | 13 
Hydraulic with flaps extended and A_ | than 60 knots for automatic 
or B pressure lost. operation. 
Antiskid Releases normal brakes for | Allows normal antiskid 14 
touchdown protection. braking after wheel spin—up. 
Autobrake Allows selection of landing | RTO mode available. 14 
mode. 
Landing Gear | Lever Lock solenoid Lever Lock solenoid latched. | 14 
Lever Lock released. 
Landing Gear | Enabled. Disabled. 14 
Transfer Unit 
Stall Warning | Enabled. Disabled. 15 
Takeoff Disabled. Enabled. 15 
Warning 
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Controls and Indicators Section 10 


Fire Warning and Master Caution System 


LIGHT SHIELD 


@p FIRE WARN Lights 
Illuminated (red) — indicates a fire warning (or system test) in engine, cargo, APU 
or main gear wheel well 
¢ fire warning bell sounds 
¢ if on ground, remote APU fire warning horn sounds. 
Push — extinguishes both master FIRE WARN lights 
¢ silences fire warning bell 
¢ silences remote APU fire warning horn 
* resets system for additional warnings. 


Note: Pushing fire warning bell cutout switch on overheat/fire protection panel 
results in same actions. 


@p MASTER CAUTION Lights 
Illuminated (amber) — a system annunciator light has illuminated. 


Push — extinguishes both MASTER CAUTION lights 
* system annunciator light(s) extinguish 
* resets system for additional master caution conditions. 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE 15.10.1 


Warning Systems - 
Controls and Indicators Qi SOEING 


737 Operations Manual 


@&p System Annunciator Panel 
Illuminated (amber) — an amber light, relating to illuminated system annunciator, 


has illuminated on forward overhead, aft overhead or overheat/fire protection 
panel. 


To extinguish — push either MASTER CAUTION light. 


To recall — push and release either System Annunciator Panel 


e if a master caution condition exists, appropriate system annunciator(s) 
and MASTER CAUTION lights illuminate 

¢ asingle fault in certain redundant systems, or some simple faults, cause 
the system annunciator light to illuminate during a recall. The system 
annunciator light will extinguish when the MASTER CAUTION light is 
pushed 


Mach/Airspeed Warning and Stall Warning Test Switches 


MACH 
Al RSPEED 
WARNI NG 


TEST 
NO 1 NO 2 


e—© © 


STALL WARNI NG TEST 


NO. 1 NO. 2 


AFT OVERHEAD PANEL 


MACH AIRSPEED WARNING TEST Switches 


Push — tests respective Mach/Airspeed warning system: 
¢ clacker sounds 


@® STALL WARNING TEST Switches 
Push — on ground with 115 volt AC power available: each test switch tests its 
respective stall management computer. Vibrations are 

¢ felt on both columns 

¢ inhibited while airborne. 
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Landing Gear Warning Cutout Switch 


CONTROL STAND 


Landing Gear Warning Cutout Switch 


Push — silences landing gear configuration warning aural indication: 
¢ at flaps 1 through 10 


¢ at flaps 15, when either forward thrust lever is between idle and 
approximately 10 degrees and opposite forward thrust lever is greater than 
approximately 30 degrees. 


Note: Cutout switch cannot silence aural indication if flaps are greater than 15. 


Altitude Alert 
- ALTI TUDE 
ALERT 
CAPT INST PANEL 
F/O INST PANEL 
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ALTITUDE ALERT Annunciation 


One on each pilot’s primary display above altimeter 


Illuminated (amber) — 
e steady — acquisition alert: 


¢ within 900 feet from MCP-selected altitude, ALT ALERT 
annunciation shows 


* momentary tone also sounds 


e within 300 feet from MCP-selected altitude, ALT ALERT 
annunciation no longer shows 


e flashing — deviation alert: 


¢ deviation more than 300 feet from MCP-selected altitude, ALT 
ALERT annunciation flashes 


* momentary tone also sounds 

¢ flashing continues until: 
¢ altitude deviation less than 300 feet, or 
¢ altitude deviation more than 900 feet, or 
¢ new MCP altitude selected. 


GPWS Controls and Indicators 


© PULL UP 
ep GS 1NeB | BELOVGS EE 
P- | NHI BI T 
CAPT AND F/O INST PANELS 


GROUND PROX! M TY 


FLAP 
EB NCP eit PAH BIT 
EB Oo. '—_—_ > 
SYS TEST 
Dp 


FIRST OFFICER’S INSTRUMENT PANEL 


PULL UP WARNING LIGHT 


Illuminated (red) — indicates one or more of the following exist: 
* excessive descent rate 
* excessive terrain closure rate 
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¢ altitude loss after takeoff or go—around 
¢ unsafe terrain clearance when not in the landing configuration 


@— BELOW Glide Slope (G/S) Alert Light 
Illuminated (amber) — airplane is more than 1.3 dots below glide slope. 


Push — inhibits or cancels below glide slope alerting if pushed while in alerting 
area. 


Dp GPWS Inoperative (INOP) Light 


Illuminated (amber) - GPWS computer malfunction or power loss 


¢ invalid inputs are being received from radio altimeter, ADC, ILS receiver, 
IRS, FMC, stall warning system, or EFIS control panel. 


@® Ground Proximity System (SYS TEST) Switch 
Push — 


* momentarily on ground, or above 1,000 feet radio altitude in flight: 


e illuminates BELOW G/S, PULL UP, and INOP lights; displays the 
EADI WINDSHEAR message; and causes “GLIDESLOPE”, 
“WHOOP, WHOOP, PULL UP”, and “WINDSHEAR’” aurals to 
sound 


¢ at least 10 seconds, on ground — above indications always occur first, 
followed by any additional aurals, as installed 


* system test is inhibited from lift—off to 1000 feet radio altitude. 


@® GROUND PROXIMITY Flap Inhibit Switch 


FLAP INHIBIT - inhibits or cancels warnings/alerts caused by flaps not in 30 or 
40 position. 


NORMAL (guarded position) — flap position logic is provided for GPWS. 


Gap GROUND PROXIMITY Gear Inhibit Switch 


GEAR INHIBIT - inhibits or cancels warnings/alerts caused by landing gear not 
down. 


NORMAL (guarded position) — landing gear position logic is provided for GPWS. 


GLIDESLOPE INHIBIT light 


Illuminated (white) — below glideslope deviation alert has been manually 
inhibited by pressing the BELOW G/S light. 
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Transponder Panel (TCAS) 


[> ATOR ALTON (ann) ATC 
STBY TA 
© rwea| HABE _ L 
1 


aa ~o O FO b= 


| DENT 
[I> As installed 


AFT ELECTRONIC PANEL 


Transponder Switch 


TEST — the ATC FAIL light illuminates to indicate the selected transponder is 
operational. 


STBY -— disables transponder modes. 


Note: Transponder modes are enabled only when the airplane is airborne, except 
for mode S, which operates continuously when the transponder mode 
selector is out of STBY. 


ALT OFF - transponder operates without altitude reporting. 

ALT ON - transponder operates with altitude reporting. 

TA — enables display of traffic advisory TCAS targets. 

TA/RA — enables display of traffic advisory and resolution advisory TCAS targets. 


@® Air Traffic Control (ATC) Code Selector 


Rotate — sets transponder code in transponder. 
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Introduction 


Aural, tactile and visual warning signals alert the flight crew to conditions 
requiring action or caution in the operation of the airplane. The character of the 
signals varies, depending upon the degree of urgency or types of hazards involved. 
Aural, tactile, and visual signals are used singularly or in combination to 
simultaneously provide both warnings and information regarding the nature of the 
condition. 


Mach/airspeed warnings, landing gear warnings, takeoff configuration warnings, 
windshear warnings, and ground proximity warnings are discussed in this section. 
Cabin altitude warning is discussed in the Air Systems chapter, and autopilot and 
autothrottle disconnect warnings are discussed in the Automatic Flight chapter. 
The conditions which excite the fire warning bell are discussed in the Fire 
Protection chapter. 


Conditions which require the immediate attention of the flight crew are indicated 
by red warning lights located in the area of the pilots’ primary field of vision. 
These lights indicate APU, cargo, engine, or wheel well fires; autopilot, 
autothrottle disconnects; and landing gear unsafe conditions. 


Conditions which require the timely attention of the flight crew are indicated by 
amber caution lights. 


Blue lights inform the flight crew of electrical power availability, valve position, 
equipment status, and flight attendant or ground communications. Blue lights are 
for information and do not require immediate flight crew attention. Some system 
blue lights indicate a transitional state by illuminating bright as valves or 
components reposition, then returning to a dim blue when the required 
configuration is reached. 


Green lights indicate a fully extended configuration, e.g., landing gear and leading 
edge devices. 


For specific information regarding red, amber, blue, and green lights refer to the 
appropriate systems chapters. 


Stall warning is provided by a control column shaker on each control column. 


Various aural signals call attention to warnings and cautions. An aural warning for 
airspeed limits is given by a clacker, the autopilot disconnect by a warning tone, 
cabin altitude by an intermittent horn, and landing gear positions by a steady horn. 
The takeoff configuration is given by an intermittent horn, and the fire warning by 
a fire warning bell. Ground proximity warnings and alerts--as well as windshear 
warnings and alerts--are given by voice warnings. 
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Generally, aurals automatically silence when the associated non-normal condition 
no longer exists. 


Master Fire Warning Lights 


Two master FIRE WARN lights illuminate when any fire warning condition 
occurs. The lights remain illuminated as long as the condition exists. Pushing 
either master FIRE WARN light or fire warning bell cutout switch extinguishes 
both lights, silences the fire warning bell and resets the system for future 
warnings. Further information appears in the Fire Protection chapter. 


Master Caution Lights 


Two MASTER CAUTION lights illuminate when any caution occurs outside the 
normal field of vision of the flight crew. The lights remain illuminated as long as 
the caution condition exists, or until the crew resets the system. Pushing either 
MASTER CAUTION light extinguishes both lights and resets the master caution 
system for further cautions. Pushing either annunciator light panel recalls all 
existing fault annunciations. 


A single fault in certain redundant systems--or some simple faults--do not 
illuminate the MASTER CAUTION or system annunciator lights. These faults, 
however, are stored in the master caution system. Pushing the system annunciator 
recalls the single fault on the system annunciator panel. 


System Annunciator Lights 


Two system annunciator light panels are located on the glare shield. The 
annunciator light panels include only those systems located on the forward 
overhead, aft overhead, and fire control panels. If a caution condition exists, the 
appropriate system annunciator(s) and MASTER CAUTION lights illuminate. 
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System Annunciators and Related Amber Lights — Left Side 


FLT CONT ELEC 
LOW QUANTITY LOW OIL PRESSURE 
LOW PRESSURE HIGH OIL TEMP 
FEEL DIFF PRESS STANDBY PWR OFF 
SPEED TRIM FAIL TRANSFER BUS OFF 
MACH TRIM FAIL BUS OFF 
AUTO SLAT FAIL 
YAW DAMPER 
IRS APU 
FAULT LEFT SIDE LOW OIL PRESSURE 
6itiie LIGHT SHIELD Pati 
DC FAIL OVERSPEED 
FUEL OVHT/DET 
LOW PRESSURE ENGINE 1 
FILTER BYPASS OVERHEAT 
ENGINE 2 
OVERHEAT 
APU DET INOP 
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System Annunciators and Related Amber Lights — Right Side 


ANTI-ICE 

WINDOW 

OVERHEAT 

PITOT HEAT 

COWL ANTI-ICE 

HYD 

OVERHEAT 

LOW PRESSURE OVERHEAD 
RIGHT SIDE 
LIGHT SHIELD 

DOORS 

FWD/AFT ENTRY 

AIRSTAIR 

EQUIP 

FWD/AFT CARGO 

FWD/AFT SERVICE 


ENG 
REVERSER 
PMC-INOP 
LOW IDLE 


OVERHEAD 


EQUIP COOLING- 
OFF 


EMER EXIT 
LIGHTS-NOT 
ARMED 


FLIGHT 
RECORDER-OFF 


LAVATORY SMOKE 
(as installed) 


PASS OXY-ON 


AIR COND 


ZONE TEMP 
(737-400) 


PACK (737-400) 
DUAL BLEED 


WING-BODY 
OVERHEAT 


BLEED TRIP OFF 
AUTO FAIL 


OFF SCHED 
DESCENT 


PACK TRIP OFF 
(737-300/500) 


DUCT OVERHEAT 
(737-300/500) 
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Takeoff Configuration Warning 


The takeoff configuration warning is armed when the airplane is on the ground and 
either or both forward thrust levers are advanced for takeoff. An intermittent 
takeoff warning horn sounds if: 

¢ trailing edge flaps are not in the flaps 5 through 15 takeoff range, or 

¢ leading edge devices are not configured for takeoff, or 

¢ the SPEED BRAKE lever is not in the DOWN position, or 

e the parking brake is set, or 

¢ the stabilizer trim is not set in the takeoff range. 


The warning indication is cancelled when the configuration error is corrected. 


Landing Gear Configuration Warnings 


Visual indications and aural warnings of landing gear position are provided by the 
landing gear indicator lights and landing gear warning horn. 


Visual Indications 

The landing gear indication lights are activated by signals from each gear, the 
LANDING GEAR lever, and the forward thrust lever position as follows: 

Green light illuminated — landing gear is down and locked. 


Red light illuminated — 
¢ landing gear is in disagreement with LANDING GEAR lever position (in 
transit or unsafe). 
¢ landing gear is not down and locked--with either or both forward thrust 
levers retarded to idle. 
All lights extinguished — landing gear is up and locked with the LANDING GEAR 
lever UP or OFF. 


Aural Indications 


A steady warning horn is provided to alert the flight crew whenever the airplane 
is in a landing configuration and any gear is not down and locked. The landing 
gear warning horn is activated by forward thrust lever and flap position as follows: 
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Flaps | through 10 - 


¢ either or both forward thrust levers between idle and approximately 10 
degrees thrust lever angle: the landing gear warning horn can be silenced 
(reset) with the landing gear warning HORN CUTOUT switch. 

Flaps 15 — 

¢ either forward thrust lever between idle and approximately 10 degrees and 
the opposite thrust lever greater than approximately 30 degrees: the 
landing gear warning horn can be silenced with the landing gear warning 
HORN CUTOUT switch. 

¢ both forward thrust levers set below approximately 30 degrees: the 
landing gear warning horn cannot be silenced with the landing gear 
warning HORN CUTOUT switch. 

Flaps greater than 15 — 

e regardless of forward thrust lever position, the landing gear warning horn 
cannot be silenced with the landing gear warning HORN CUTOUT 
switch. 


The warning indication is cancelled when the configuration error is corrected. 


Mach/Airspeed Warning System 


Two independent Mach/airspeed warning systems provide a distinct aural 
warning, a clacker, any time the maximum operating airspeed of Vmo/Mmo is 
exceeded. The warning clackers can be silenced only by reducing airspeed below 
Vmo/Mmo. 


The systems operate from a mechanism internal to each pilot’s Mach/airspeed 
indicator. Test switches allow a system operation check at any time. 


The airspeed indicator displays red warning bands indicating maximum and 
minimum airspeeds. Amber bands indicate maximum and minimum maneuvering 
airspeeds. 


Stall Warning System 


Natural stall warning (buffet) usually occurs at a speed prior to stall. In some 
configurations the margin between stall and natural stall warning is less than 
desired. Therefore, an artificial stall warning device, a stick shaker, is used to 
provide the required warning. 


The stall warning “stick shaker” consists of two eccentric weight motors, one on 
each control column. They are designed to alert the pilots before a stall develops. 
The warning is given by vibrating both control columns. The system is armed in 
flight at all times. The system is deactivated on the ground. 
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Two independent, identical computers determine when stall warning is required 
based upon: 

* wing configurations 

¢ air/ground sensing 

¢ thrust 

¢ angle of attack 

¢ Air Data Computer outputs. 
The stall warning computers provide outputs for all stall warnings to include stick 
shaker, signals to the pitch limit indicator and airspeed displays, as well as the 
GPWS windshear detection and alert. 


Two test switches are installed in the aft overhead panel. Pushing either of these 
initiates a self-test of the respective stall warning channel. The No.1 activates the 
Captain stick shaker, and the No. 2 activates the F/O stick shaker. Either stick 
shaker vibrates both columns through column interconnects. 


Altitude Alerting System 


Altitude alerting references the altitude selected on the MCP. Alerting occurs 
when approaching or departing the selected altitude. Altitude alerting is inhibited 
when wing flaps are extended to 25 or greater, or while G/S is captured. 


Alerting consists of a momentary tone and illumination of an ALTITUDE ALERT 
light located on the captain’s and first officer’s instrument panels. 


Acquisition Alerting 


When approaching within 900 feet of selected altitude both ALTITUDE ALERT 
lights illuminate steady and a momentary tone sounds. When at 300 feet from 
selected altitude, both ALTITUDE ALERT lights extinguish. 


Deviation Alerting 

Upon deviating from the selected altitude by more than 300 feet, a momentary 
tone sounds and the ALTITUDE ALERT lights flash. Flashing continues until: 

¢ altitude deviation becomes less than 300 feet 

¢ altitude deviation becomes more than 900 feet 

¢ anew altitude is selected. 
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Altitude Alert Profile 


+900' 


+300' 


SELECTED 
ALTI TUDE 


- 300' 


- 900' 


— NO | NDI CATI ONS 


«+» Acquisition - Aural warning tone ronentarily sounds 
and both | ALTITUDE] 1i ghts ill uni nate 
st eady. ALERT 


ooo Deviation - Aural warning tone norentarily sounds 


ALT! TUDE J) ; 
and both ALERT lights flash. 


Ground Proximity Warning System (GPWS) 


WARNING: Do not deactivate the GPWS (by pulling the circuit breaker or 
using the inhibit switch) except for approved procedures 
where landing flaps are required at a_ less-than-normal 
position, or where leaving landing gear up is specified. 


The GPWS provides alerts for potentially hazardous flight conditions. To the 
extent GPWS warnings are installed, they warn of imminent impact with the 
ground, detected windshear condition, excessive angle of bank, and glide slope 
deviation. 


GPWS may also provide radio altitude and decision height callouts. 


Note: GPWS does not provide alerts for flight toward vertically sheer terrain, or 
of shallow descents when the airplane is in landing configuration. 
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The GPWS provides alerts based on radio altitude and combinations of barometric 
altitude, airspeed, glide slope deviation, and airplane configuration. The alerts are 
for: 

* excessive barometric descent rate 

* excessive terrain closure rate 

e altitude loss after takeoff or go—around 

¢ unsafe terrain clearance (when not in the landing configuration) 

* excessive deviation below glide slope 

¢ windshear. 
The GPWS alerts and the condition which causes each alert are presented on the 
following GPWS annunciation chart. 


GPWS Annunciations 
AURAL ALERT VISUAL ALERT DESCRIPTION 


Siren followed by WINDSHEAR on EADIs__| Excessive downdrafts or 
WINDSHEAR tailwind detected when below 
1500 feet. Windshear 
detection begins at rotation. 


WHOOP WHOOP PULL UP on EADIs Follows “SINK RATE” if 
PULL UP sink rate becomes severe. 
Also follows “TERRAIN” 
alert if excessive terrain 
closure rate continues and 
landing gear and/or flaps not 
in landing configuration. 


BANK ANGLE (None) Angle of bank exceeds 35, 
40, or 45 degrees. 
DON’T SINK PULL UP on EADIs Excessive altitude loss after 
takeoff or go—around. 
GLIDESLOPE BELOW G/S Deviation below glideslope. 
P_INHIBIT on EADIs The volume and repetition 
rate increase as deviation 
G/S INHB continues.”G/S INHB” 


(white) indicates “BELOW 
G/S” has been depressed 


SINK RATE PULL UP on EADIs Excessive descent rate. 


TERRAIN PULL UP on EADIs Excessive terrain closure rate. 


Copyright © The Boeing Company. See title page for details. 


December 1, 2000 D6-27370-400E-TBCE 15.20.9 


Warning Systems - 
System Description QSOEING 
737 Operations Manual 

TOO LOW FLAPS PULL UP on EADIs Unsafe clearance during 
approach with flaps not in 
landing configuration. 

TOO LOW GEAR PULL UP on EADIs Unsafe clearance during 
approach with landing gear 
up. 

TOO LOW PULL UP on EADIs Unsafe terrain clearance with 

TERRAIN landing gear up or flaps not in 
landing position. 

Bank Angle Alert 


The aural alert “BANK ANGLE, BANK AN 
exceeds 35 degrees, 40 degrees, and 45 degrees. Once sounded the alert is silent 


if bank angle is decreased to 30 degrees. 


Radio Altitude Callouts 


The following radio altitude callouts occur during approach: 


“FOUR HUNDRED” 
“THREE HUNDRED” 
“TWO HUNDRED” 
“ONE HUNDRED” 


“PIFTY” 
“FORTY” 
“THIRTY” 
“TWENTY” 
“TEN” 


Decision Height Callouts 


On airplanes with decision height callout, the following callout is subject to the 


altitude set on the Captain’s DH selector: 


“APPROACHING MINIMUMS” 
“MINIMUMS — MINIMUMS” 


15.20.10 


GLE” sounds when roll angle 


Copyright © The Boeing Company. See title page for details. 


D6-27370-400E-TBCE 


December 1, 2000 


Warning Systems - 


QAO: ahaa System Description 


737 Operations Manual 


Windshear 


The Ground Proximity Warning System (GPWS) provides aural and visual 
warnings (alerts) of windshear conditions. The aural warning consists of a 
two-tone siren followed by the voice warning WINDSHEAR, WINDSHEAR, 
WINDSHEAR. The aural warning is activated only once during a windshear 
encounter. The visual warning is provided by a red “WINDSHEAR” alert 
(message) on each EADI. The message remains until windshear conditions cease 
to exist. The windshear warnings take priority over all other GPWS alerts. 
Warnings are available below 1500 feet radio altitude. On takeoff the warning 
becomes active at rotation. 


Windshear Alerts 
Windshear alerts are available during takeoff, approach, and landing: 
The GPWS provides a warning when the airplane is in a windshear. 


Windshear warnings are accompanied by WINDSHEAR on the attitude indicators 
and voice aural alerts. 


Windshear cautions are accompanied by a voice aural alert. 


Windshear Warning (Airplane in Windshear) 


AURAL ALERT | VISUAL ALERT DESCRIPTION 

Two-tone siren Red WINDSHEAR | Excessive windshear at the current airplane 
followed by on both attitude position detected by GPWS. 
WINDOHEAE:.\ || Meucatons: Enabled below 1,500 feet RA. 
WINDSHEAR 


GPWS Windshear detection begins at 
WINDSHEAR rotation. 


Traffic Alert and Collision Avoidance System (TCAS) (as 
installed) 


TCAS alerts the crew to possible conflicting traffic. TCAS interrogates operating 
transponders in other airplanes, tracks the other airplanes by analyzing the 
transponder replies, and predicts the flight paths and positions. TCAS provides 
advisory, flight path guidance, and traffic displays of the other airplanes to the 
flight crew. Neither advisory, guidance, nor traffic display is provided for other 
airplanes which do not have operating transponders. TCAS operation is 
independent of ground-based air traffic control. 


To provide advisories, TCAS identifies a three dimensional airspace around the 
airplane where a high likelihood of traffic conflict exists. The dimensions of this 
airspace are based upon the closure rate with conflicting traffic. 
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TCAS equipment interrogates the transponders of other airplanes to determine 
their range, bearing, and altitude. A traffic advisory (TA) is generated when the 
other airplane is approximately 40 seconds from the point of closest approach. If 
the other airplane continues to close, a resolution advisory (RA) is generated when 
the other airplane is approximately 25 seconds from the point of closest approach. 
The RA provides aural warning and guidance as well as maneuver guidance to 
maintain or increase separation from the traffic. 


Non-transponder equipped airplanes are invisible to TCAS. RAs can be generated 
if the other airplane has a mode C transponder. Coordinated RAs require both 
airplanes to have TCAS. 


Advisories and Displays 


Annunciations associated with TCAS and the traffic displays are discussed further 
in Chapter 10. 

TAs are indicated by the aural “TRAFFIC, TRAFFIC” which sounds once and is 
then reset until the next TA occurs. The TRAFFIC message appears on the EHSI. 
The TA symbol appears at the proper range and relative bearing of the other 
airplane. Altitude and vertical motion are included with the symbol if the other 
airplane is using transponder mode S or C. 


RAs are indicated by one or more aural listed in the RA aural table. The TRAFFIC 
message and RA symbol which depicts the traffic’s relative bearing, range, 
altitude, and vertical motion are on the EHSI similar to the TA symbol. 


Additional symbols are proximate traffic and other traffic. Proximate traffic is 
within six miles and 1200 feet vertically, but is not expected to cause a TA or RA 
alert. Other traffic is beyond the six mile and 1200 feet vertical criteria. Traffic 
symbols are revised as the TCAS system constantly reevaluates the motion of 
other airplanes. 


If the range selected does not permit the display of a TA or RA an OFFSCALE 
message appears on the EHSI. 


TA or RA traffic detected by TCAS which do not provide a bearing generate a 
no-bearing text block beneath the TRAFFIC text on the EHSI. The text block 
contains distance, altitude, and vertical motion information. 


Vertical motion information is indicated by an arrow depicting a climb or descent 
if a change of greater than 500 feet per minute is detected. 


Inhibits (Without TCAS change 7.0 update) 
INCREASE DESCENT RAs are inhibited below 1,450 feet radio altitude. 


DESCEND RAs are inhibited below 1,200 feet radio altitude during climbs, and 
1,000 feet radio altitude during descents. 
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All RAs and TCAS voice annunciations are inhibited below 1,100 feet radio 
altitude during climbs, and 900 feet radio altitude during descents. Below 1,000 
feet when the TA/RA mode is selected on the transponder panel, the TA only mode 
is enabled automatically. 


All TCAS alerts are inhibited by GPWS and windshear warnings. 


Inhibits (With TCAS change 7.0 update) 
INCREASE DESCENT RAs are inhibited below 1,450 feet radio altitude. 


DESCEND RAs are inhibited below 1,200 feet radio altitude during climbs, and 
1,000 feet radio altitude during descents. 


RAs are inhibited below 1,100 feet radio altitude during climbs, and 900 feet radio 
altitude during descents. Below 1,000 feet when the TA/RA mode is selected on 
the transponder panel, the TA only mode is enabled automatically. 


All TCAS voice annunciations are inhibited below 600 feet while climbing, and 
400 feet while descending. 


All TCAS alerts are inhibited by GPWS and windshear warnings. 


Mode Control 


The TCAS operating mode is controlled from the transponder panel. TCAS is 
normally operated in the TA/RA mode. However, sometimes it is necessary to 
operate in the TA ONLY mode to prevent undesired RAs. For example, TA ONLY 
may be selected when intentionally operating near other airplanes such as might 
be found in VFR conditions at a busy airport, or on parallel approach. 


TCAS equipped transponders communicate between airplanes to provide 
appropriate coordinated avoidance maneuvers. When performance is limited, 
such as with an inoperative engine, select TA ONLY to prevent receiving RAs 
beyond the airplane’s capabilities, and to prevent communicating to other 
airplanes an ability to perform an RA maneuver. 


Resolution Advisory Aurals 


The following table identifies the possible callouts associated with RAs and the 
vertical restrictions or maneuver recommended in each case. 
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AURAL ALERTS 


VERTICAL 
RESTRICTIONS/MANEUVER 


MONITOR VERTICAL SPEED, 
MONITOR VERTICAL SPEED 


Present pitch attitude is outside the RA 
pitch command area. Keep pitch attitude 
away from red area. 


CLIMB, CLIMB, CLIMB 


Climb at the displayed pitch 


DESCEND, DESCEND, DESCEND 


Descend at the displayed pitch 


REDUCE CLIMB, Reduce climb rate 
REDUCE CLIMB 

REDUCE DESCENT, Reduce descent rate 
REDUCE DESCENT 


CLIMB, CROSSING CLIMB, 
CLIMB, CROSSING CLIMB 


Climb at displayed pitch. Airplane climbs 
through traffic’s altitude. 


DESCEND, CROSSING DESCEND 
DESCEND, CROSSING DESCEND 


Descend at displayed pitch. Airplane 
descends through traffic’s altitude. 


INCREASE CLIMB, Increase climb rate from initial pitch 
INCREASE CLIMB attitude. 

INCREASE DESCENT, Increase descent rate from initial pitch 
INCREASE DESCENT attitude. 


CLIMB — CLIMB NOW, 
CLIMB — CLIMB NOW 

DESCEND — DESCEND NOW, 
DESCEND — DESCEND NOW 


Reversal maneuver from initial descent 
RA. 


Reversal maneuver from initial climb RA. 


CLEAR OF CONFLICT 


RA encounter terminated. Maneuver 
guidance no longer displayed. 


Resolution Advisory Aurals (TCAS Version 7) 


The following table identifies the possible callouts associated with RAs and the 
vertical restrictions or maneuver recommended in each case. 
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AURAL ALERTS 


VERTICAL 
RESTRICTIONS/MANEUVER 


MONITOR VERTICAL SPEED 


MAINTAIN VERTICAL SPEED, 
MAINTAIN 


MAINTAIN VERTICAL SPEED, 
CROSSING MAINTAIN 


Present pitch attitude is outside the TCAS 
vertical guidance command. Keep pitch 
attitude away from red area. 


CLIMB, CLIMB 


Climb at the displayed pitch 


DESCEND, DESCEND 


Descend at the displayed pitch 


ADJUST VERTICAL SPEED, 
ADJUST 


Reduce climb or descent rate 


CLIMB, CROSSING CLIMB, 
CLIMB, CROSSING CLIMB 


Climb at displayed pitch. Airplane climbs 
through traffic’s altitude. 


DESCEND, CROSSING DESCEND 
DESCEND, CROSSING DESCEND 


Descend at displayed pitch. Airplane 
descends through traffic’s altitude. 


INCREASE CLIMB, Increase climb rate from initial pitch 
INCREASE CLIMB attitude. 

INCREASE DESCENT, Increase descent rate from initial pitch 
INCREASE DESCENT attitude. 


CLIMB — CLIMB NOW, 
CLIMB — CLIMB NOW 


Reversal maneuver from initial descent 
RA. 


DESCEND — DESCEND NOW, 
DESCEND —- DESCEND NOW 


CLEAR OF CONFLICT 


Reversal maneuver from initial climb RA. 


RA encounter terminated. Maneuver 
guidance no longer displayed. 


Tail Skid (737-400) 


Warning Systems - 
System Description 


The tail skid assembly consists of a cartridge assembly, tail skid, fairing (skirt) and 
shoe. The fairing provides an enclosure for the actual tail skid structure. The shoe 
is fitted to the bottom of the fairing. 
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The cartridge assembly consists of a crushable honeycomb material. When the tail 
skid strikes the runway the skid moves upward and the honeycomb material 
crushes. The tail skid is serviceable when the cartridge warning decal shows both 
green and red. The green disappears gradually as the cartridge is crushed. When 
the warning decal is all red, the cartridge must be replaced. 


The shoe is what contacts the runway in the event of an over rotation. The shoe 
surface displays “wear dimples” which serve as a reference for shoe replacement. 


Tail Skid Detail 


CRUSHED CARTRI DGE 


WARNI NG DECAL 
SHOE———_»|’ ‘|= ar DI M-LES 
(REAR OF SKI RT 
LOOK! NG FWD) , 
NEW CARTRIDGE GREEN 
~~ FAI RING 
————_ SKI PT 
SHOE———e|, CRUSHED CARTRI DGE 
SER TREAR OF ST —__ WARN NG DECAL 
LOCKI NG FVD) WEAR DI VPLES 
RED 


REPLACE CARTRIDGE 
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